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CULVBR STREET WORKS, COLCHESTER. 
Ow ADMIRALTY AND War Orrice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See Advertisement, pages 33 and 96. 


TENT WATER: TUBE BOILERS 
— UTOMATIC FEBD REGULATORS, 


And Rit Machinery as supplied to the 
“ Admiralty. 21 


Buber 





MANUFACTURERS. 


Belts 


GUTTA PERCHA & saw LIMITED, 


Toronto 
Yfechines 


1 ripe 


Stock. 


Conveyor 


Newall Pingineering O. 
(Proprietors, Peter Hooker, Ltd.), 
Lo ONDON, — B. 1 17. 1824 
(\ranes. —Electric, Steam, 
SreRacsie and Sait 


all 6 and s 
Goran” “gus BELL Ps “oo. 
Motherwell, near Glasgow. 


Lrp., 





STEEL TANKS, PIPES, GASHOLDERS, &c, 


F[Thos. Piggott & Co., Limited, 
RMINGHAM. "411 
See Advertisement last week, page 115. 


Plenty and Gon, 
LIMITED. 

| MARINE BNGINBERS, &c. 
Newsury, ENGLAND. 











ank Locomotives. 
eames ~~ = a equal to 
Line Locomot' 







R.& W. HAWTHORN. LESLIE & CO., Lap., 
ENGINEERS, NEWCASTLE-ON-TYNE 8203 

















R AN 
((ochran Mv GHOSS-TUBE TYPES. 
Bowers. 
See page 17. 8205 
Petter Qi wee 








Manufactured by 
____ PETTERS Liurrep, Engineers, Yeovil. 
ve es ad’ P 
\pencer Hopwoe atent 


Sole Makers : ilers. 
W. H-SPENOER & OO., Hrroumr, Herrd, 
See page 15 
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19 ((ampbells & Heer. L 4. 


SHIPBUILDERS AND ENGINEERS, 


SPEEDS UP TO 45 MILES AN HOUR. 
PADDLE OR SCREW STEAMERS OF 
BxcePTionalL SHaLLow Draveur. 


Repairs on Pacific Coast 
by YARROWS, saereeD. Victoria, British 


jum 7169 
SHIPBUILDERS, SHIP ReParrens AWD ENGINEERS. 


MILLWALL, LONDON, 8, 
GeweRalL ConsTRUCTIONAL ENGINEERS, 
Boilers, Tanks, & Mooring Buoys 
Srimis, Perrot. Tanxs, Ark Reoxrtvers, STex. 


Cunaneys, RIVETED STEAM AND VENTILATING PIPES, 
Hopptrs, Specia, Work, Repares oF Au. Krnps. 


“VOL. CIX.—No. 2842.] LONDON: FRIDAY, JUNB.18, 1920. [Fegitred at the Gowrat) [PRIOR Ie. Bd 
A. G. Mumford, J td.) Yarrow & Co.. Lid.,| John Pellamy, Limited, 


oy les 
GINBERS, enn, MANCHESTER. 
FEED WATER H 

"evaPORATORS, Row’'s 


CALORIFI 
CONDENSERS, Alk HEATERS Pa armeTe 
BAM GAS KETT 
Merrill's «Patent TWIN vIN STRAIN 


oTHAM TRAPS HUDUCING VALY VALVES 


ATER SOFTENING and FILTRRING, 61728 





Gear Cutting. 


Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 3 ft. diam. 
Spur Wheels cut up to 9 ft. diam. 


DOLPHIN FOUNDRY, LEEDS. 4547 


=| Y achts, Launches or Barges 


Built complete with Steam, Oil or —— 
Motors ; or Machinery supplied. Oa 
VOSPER & CU., Ltp., Broap Street, sukiiechaens 


FOR r 
Tro orgzings 
op Forging 


GARTSHBRRIE BNGINEERING & FORGE CO., 
50, Wellington Street, Glasgow. 1898 











IL FUBL APPLIANOBS. 
Pressure, Arn, STz«M. 
For Boilers of all types. 
KEBRMODES LIMITED, 
36, The Temple, Dale Street, 
Liverpool ; and 
108, Fenchurch 8t., London, 
Naval Outfits a Speciality. 





ocomotives Tank Engines 


constructed 
MANNING, W. “WERDLE A AND COMPANY, » Lacrre, | 


yne e Works, Leeds 
See their Illus. Ad it, page 143, last week. 


RAILWAY AND TRAMWAY ROLLING STOCK. 


H= Nelson & Co. L 4. 


Tue Guaseow ae. Srock anp PLayr pty 
ERWELL. 


The (Cambridge and pal 
[2strument Ce: L4- 


Manufacturers of Mechanical and Electrical 
Instruments of Precision. 


Works: Cam and 8 
ew Southgate, London, N. 11. 











He"ry Butcher & Co., 


rv J ohn Kirkaldy, Ltd.,|ie 


IT'ubes and Fittings. 


G tewarts and Lords, L 4 
Glasgow and Birmingham. 


See Advertisement page 78. 
CARBON 


3 O 9 P! ants (proxipe 


for Oz P Mineral Water Mfrs., Breweries, 
and all oe ee. —SPARKLETS AND GENERAL 
Mye. Co Co dmonton, London, N.18. —-7895 

e fini shed Cc astings 
ensure rapid production and reduce 
ime cost by eliminating machining operations. 
rite for illustrations to SPARKLETS AND ——— 


8187 








Mre. Co., Ltd., Edmonton, London, N. 18. 


| nion ransit ompany, 


TRANSPORT SPECIALISTS. 

PRrieut TE WEY Swrppine AGENTS. 

NSURANOB BROKBRS. 

wanagienn KEEpers and DISTRIBUTING AGENTS. 
Rates Quoted or Estimat 


Free o! 
Chief Office; 381, AuGYLE o staner. GLASGOW. 
Cables and Telegrams: ‘Transit, Glasgow.” 


ement.—Maxted & Knott, 
Consulting en Se Bugineers, ADVISE 











GENERALLY on on proposed Schemes FOR 
AND ABROAD. ADVICE ONLY. 
Rignest © AL. Bstablished 1890 


Address, BURNETT AVENUE, Huts. 
Cablegrams: “ Energy, Hull.” 


OHANTIBRS & ATHLIERS 


A veustin - NJormand 


67, rue de Perrey—LE HAVRE 
(France). 


7991 








B80 
Destroyers, Tor Boats, Yachts and Fast Boate, 
8u' ne and Submersible Boats. 
noma Patent Water. tube Boilers, 2 or O11 

Heating. Diese! Ol Engines 


ON ADMIRALTY LIST. 





Works: Buse Mia, LEADEWHALL Sr., B.C. 3, 


Works: Burwr whe Hak1ow, Resex. 





Y ®trow Patent 


ater-tube oilers. 
1168 
PRESSING and MACHINING of pig ego oy ns 


and 
wedo” necessary facilities. 
YARROW & Lep., Scorstoux, GLASGOW. 


Matthew pa & OU» L* 


Luvexyorp Wonrxs, 8653 
See Full Page Advt., page 91, | nents ¢ 


Proreings. 
Walter Somers & Co., Ltd., 


HALESOWEN. 7116 


He4 Wrightson & (Co. 


LIMITED, 


See Advertisement page 99. 


[\eylor & (Yhallen 


Presses. 


TAYLOR& CHALLEN, Lp., Engineers, Brnminonam 
See Full Page Advertisement, May 28, 








8195 





ailway 
G witches and 
(ir ossings. 


T.. SUMMERSON & SONS, LIMITED, 
< Fw. ot __ DARLINGTON, 
ARBRIAL ROPHWAYS, CABLEWAYS, CRANES. 
Jteel (\astings. 

8181 


One displayed advertisement every fourth ay 
HN y Ml. HENDERSON & CO,, ABERDEED. 


E ¢ p 5 Davis, M.I. Mech. E., 


Reperted ‘ oa pte eae he rel. 
“3 
nd 737 


ford Wire. at 
—Great Bastern Road, Stratferd, B. 15. 



























and 
ENGINEERING WORKS 
_11, BILLITER SQUARB, &.C. 3, 


Iron and Steel 


(['ubes and Ue oe, 


The Scottish Ty Tube Co., Lid. 


Heap OFFicE : 34, Robertson Street, Glasgow. 
See Advertisement page 101, June 11. 
















“Germ | we ” Oils 


GEVING 


Greatest t Economy. 
Wells Oil Co., 
HAYMARERT 


, 5.W. 1. 


Henry V 





MANUFACTURERS OF 
RAILWAY CARRIAGE, WAGON & TRAMWAY 
EELS & AXLES 





Braporating and Distilling Plants. M ®chine and Engineering 
VALUERS any AUCTIONBERS ] Retrgeratis coe oe etes loe Machinery. WORK of all description undertaken for 
] nvincible ( jauge ( } lasses. te the Manutacturers toes, ke. Also repatra and 
— BNGINBBRING AND ALLIED TRADES. Frees Water Distillers S KUSSELL lap. Guesn's Whar ee 
BUTTERWORTH BROS., Ltd., ALO FOR BEW PATENT AUT. Rossen & Rowen, iAd., 
Newton Heath Glass Works, _ PLANT awp MACHINERY. 8134 Sonhis Soron getseaae vane ag | be Preseat made sbrosd, end py ey 
fe Manchester. Od 9753 63 and 64, CHANCERY LANS, W.C. 2. &ec. from firms desiring such work executed. 0211 
Jlectric ([‘ransporters. lectric iB; fts * |K lectric C ranes.| J ocomotive _T[\raversers 
4 (UP TO 3% TONS.) (BLECTRIO) 
8. H. HEYWOOD & CO., LTD., 8143 8. H. HEYWOOD # 0O., LTD., 8. H. HEYWOOD . 00. LTD., 8. H. HEYWOOD & CO., LTD., 
REDDISH. REDDISH. RED BEDDISH 
Jfuller, Horsey,Sons & Cassell, ‘sé 1” [the Glasgow "Railway “hp redging p lant 
SPROLALISTS AP to nee Company, ' OF ALL DESORIPTIONS. 
~ GOVAN, @ W. 
SALE AND VALUATION Lpbrca ting Qis Fo dia li ~ me’ - CR FLOATING CRANKS, COAL BUNKRRING 
PLANT AND MACHINERY 1834 


Werf Conrad, » HOLLAND, 


‘ Agents: MARINE WORKS, Lrp., Fnrans Hoven, 
CARRIAGE & WAGON IRONWORK, also 39-41, New panne Se Sr., LONDON, B.O, 2. 
CAST-STBEL AXLE BOXES. See half-page Advert. last week and next week. 8490 





& W. MacLellan, Limited, 


¥; CLUTHA WORKS, GLASGOW, 
MANUFACTURERS OF 


RAILWAY CARRIAGES r—~ al W4GONS 
OF EVERY DESCRIPTIO! 


RAILWAY IRONWORK, BRIDGES. ROOFING, £c. 
Chief Offices: 129, Trongate, Gtaseow. Od 8547 





Reileaz, Wagon, Couplings 














WELDLESS CHAINS, Lp., Coatbridge. 


Registered Offices: 1084, Cannon St., London, B.0, 


Cotsen 
Pot ((aseels & Williamson, 


MOTHERWELL, SOOTLAND. 


a 7941 
See half-page Advertisement page 53, June 11, 
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Manchester Steam Users’ 


ASSOCIATION 
For the prevention of Steam Botler ny ere and 
for the attainment of Economy in the Application 
of Steam. 9, Mount Street, MANCHESTER. 
meer: C, R. STROMBYBE, M.L.O.B. 
Founded 1854 by gta Wru114M Farrearee,. 
Certificates of _— —_ under the Seg and 


Pfiepiostons Damages 

a Lilies pal aia ome ~e +e 

, and Boflers inspected during cmaiiedion. 8443 
he National Foremen’s 

ASSOCIATION or Tux 
ENGINEERING AND ALLIED TRADES. 

(Registered under the Trade Union Act.) 
Association specially formed to look after the 

interest of Fi - Jaka—lpeneoin 5 

All copeematontion Head Offices— 
BW N. REID, 81, High Holborn 


General adie London, W.O.1. 
[*. C.E. Exams. —Over, 300 300 


nar a Ae » pect 
; rreparet: (Designs, Spe 


and Quantities) 
Address, 1434, Offices of HNGINEERING. 


rrespondence Courses for 

















B.Se., 
NHBRING *RXAM 1 Courses 
Subjects: Personal tu 
apply to Mn. TREVOR W. PHILLIPS, 
Assoo.M.Inst.C.H., M.R.S 8-10, 
Chambers, 68, South John Binest, Mg a 


nst. O.E., I. Mech. E., B.Sc.,| ms 


and all merins Bar ay oe, —Mr.G. P. 
KNOWLBS, C.H., F.8.1., 
Lng R.8an.l., "PREPARES CANDIDATES personal! y 
correspondence, Hundreds of successes. 
Getaies may commence at any time.—39, Victoria 
St., Westminster, 8.W. eee 


B38 ineerin = Ba tm Classes. 


, Atro- nes, Alternati 
a Course, a Haligeration, 
Maths. tal "Saleulun bp te ‘ONS, 


University Tutors, 264, © 


— Prana 
. ems), de 

















TENDERS. 
‘TO ENGINEBRS AND OTHERS. 
The Metropolitan Asylums Board invite 


[renders for Installation of 


New Steam Boiler, Proning Machine, Pipe- 
work and Marve Moccia Work for Laundry, at 
Princess Mary's Hospital, Cliftonville, Ma 
Kent, in accordance with’ drawing and s 
tion prepared by Mr. T. OCoorgr, M.Inst.0.B., 
M,.1.Mech.B., Engineer-in-Chief. he drawing, 
specification, "and form of tender may be inspected 
at the Office of the Board, Embankment, B.C. 4, on 
and after 10 a.m, on Monday, i4th June, and the 
be obtelt ed upon psy and form of tender can then 
be obtain ay piyment of a deposit of 21. The 

will be returned only after 
the mn of r bona fide tender sent in accordance 
with the instructions on the form of tender, and 
after the specification and the drawing have been 
returned, 

Tenders, addressed as noted on the form, must 
be delivered at the Office of the Board not later 
than 2.30 p.m, on Wapnentey. 7th July, 1920. 

(By Order) 
DUNCOMBE MANN, 
Clerk to the Board. 
H 191 





te, 
fica- 








CORPORATION OF GLASGOW. 
TRAMWAYS DEPARTMENT. 


TURBO-ALTBRNATOR for PINKSTON 
GENERATING STATION. 


The Corp>ration of Glasgow are 


[lenders for the 


upply and 
ERECTION of the followin 
ONB 10,000 K.w. STHAM TURB -ALTERNATOR 
with CONDENSING PLANT. 
Specifications, with conditions and Forms of 
Tender, can be had on application to Mr. James 
DALRYMPLE, General Manager, 46, Bath Street, 
Glasgow. Sealed Tenders, marked outside 
“Tramways—Tender for Steam Turbo-Alternator 
Set,” must be lod with the subscriber not later 
than Ten a.m. on TuEspay, 6th July, 1920. 
The lowest or any offer rm era not hy 7 a a 


epared to receive 


5 ee § Olerk. 
Ce Shoes, 


10th June, 1990. 


ri a = 


MINISTRY OF MUNITIONS. 


H 210 





BY DIRBOTION OF THE DISPOSAL BOARD. 
(PLayt anp Macutvery Sxcrron). 


TIP WAGONS. 


r Sale by Public Tender. 


42 Steel, DOUBLE-SIDE TIP WAGONS, 1 ya, 
flush capacity, 60 ¢.m. gauge, eS of 
belng slung and tipped while stung, fitted 


Sareea OS URPDY 


Mili Besex. 
“a Steel, 7 ya. SIDE TIP WAGONS. ; wft. gauge. 


" Lying at Richboro’. 

Permits to view and Tender be 
obtained on ~~" to the CONTRO. 

Section. Obaring 


D.B.1.e., Plant a Machiner: . 
Cross Huts, Bm W.C, 2. 

Tenders to be returned not later Ten a. m., JUNE 
28th, 1920. 


Nor. gr gs si ae of other 
Booksiale en by quarter —_— 


drve ta the Washes & 
Place, London. 


Government 
3d. at all 
pr bh Ty 


London’ 8.W. lL. 


Inst. his, "Speci I. Mech. B., all ass Ken 


HOLBEACH PARISH CHURCH. 


The HEATING COMMITTHE are prepared to 
receive 


r['enders for Heating thels 


above CHURCH on the low pressure 5 

To supply boiler, pipes, , &0., 

necessary to heat Chureh, 117 70 tt. wide 
with Chancel, Nave, 2 side Ais ‘ower. 

Stokehole and Flue will be separate contract, 


ulars may be bad from, and Tenders 
5 Gnncn HUTCHINSON, The 
Vicarage, Holbeach—on or before Sat., 10th Taly, 
1920, marked ** Tender for Heating.” 
The Committee do not bind themselves to acce 
the lowest or any Tendér. H 


ft. long. 





METROPOLITAN WATER BOARD. 


and Brection of One 


ae for the Uh et 
Tri PING ENGINE at West 


ExPvel, Ker 


The Metropolitan Water Board Las 


lenders for the Su and 


ER ION of ONE 2 Supply: and 
PU a NGINE at their Well, West Wickham, 


Gohan of Tender, aay 7 of Contract, S 
cation and Drawi —> inspected without 
fer Guse of fee at the ces of the Board, Room 

Engineer's Department, Rosebery 


ifi- 


8493 | Avenue, Ulerken sell, B.C, 1, on and after Monday, 


sore June, 1920. Contractors desirous of tendering 

obtain the necessary documents from Mr. 
HHNRY E. STILGOH, -M.Inst.C.B., the Chief 
Engineer, on production of an —_ receipt for the 
sum of £5, which sum must be d ted with the 
Board’s Accountant and will be returned on receipt 
of a bona fide tender together with incidental 


Pyich payments and applications must be made 
between the hours of Ten a.m. and Fonr p.m. 
(Saturdays Ten a.m.and Twelve noon). Tenders 
enclosed in sealed envelopes addressed to The Clerk 
of the Board, Metropolitan Water Board, 1738, 
Roseberry Avenue, B.C. 1, and endorsed Tender 
for Pumpi oy > Machinery, West Wickham, must be 
delivered at the Offices of the Board not later than 
Ten a.m. on Thursday, _ August, 1920. 
A. B. PILLING, 
Oterk of the Board. 
Offices of the Board, 

173, ey Avenue, E.O, 1. 

une, 1 H 249 





SALE BY TENDER. 


eering Concerns desirous of 
New Biforke with fly cauipped New Pi 
es! 


iring a 
lant in 


Re MESSRS. NEWTON-HARPER, 
under Dissolution of Partnership. 


MOTOR CAR ae WORKS 
known 


VICTORY WORK 
STRETFORD, . MANCHBSTRE. 


o be Sold “by render, | the 


above-mentioned recen' erected and well- 
eqeioanes MOTOR CAR BNGT BRING WoRKS, 
th the business and Goodwill thereof, as a going 
concern, situate at and calle. “ Victory. Works,” in 
Stretford, Manchester, and now carried on by the 
firm of Messrs. Newton-Harper, who are dissolving 
ree P. 
Works were erected in 1919 and are situat 


AUCKLAND HARBOUR BOARD. 
NEW SRALARD. 


Teeeett are Invited for the 
a of wy Two Ton TRUCK CRANE: 
can be obtained on reg of a 
atyont of ot Two Guineas, at the office of the Board’s 
ents, Messrs. W. & A. Swe In. 18/19, 

sie ——, Cripplegate, ar Cc 
Tenders to reach Mesers. W. & A. McARTHUR, 
Lap., not ot lates than 3ist July, 1920. Giz 





5 obtained. 


UNIVERSITY COLLEGE OF 
SOUTHAMPTON. 


LECTURER IN MECHANICAL ENGINEER) 


A Pplications are Invited 


the above POST, at a salary of £35: 
annum 


Ap ications to be sent in by July Sth ic - 
RBe STRAR from whom particu mac 
I 


i 





APPOINTMENTS OPEN. 
UNIVERSITY COLLEGE, NOTTINGHAM. 
MINING DEPARTMENT, 


APP plications ar are Invited for 
the POSITION OF LECTURER in Colliery 
gineering, whose duties will involve lecturing to 
migin ng Students on Mechanics, steam, compressed 
air and general bared distribution. Preference will 
be given to candidates who have had tical 
- erience in| the manufacture and installation of 
plant 
eure er particulars and forms of gene 
which must be returned by June 30th, ~~ > 
obtained from the REGISTRAR, 72 


UNIVERSITY COLLEGE, NOTTINGHAM, 
MINING DEPARTMENT. 


A Pplications are Invited for 


the POSITION OF LECTURER in Fuels 








and Oils, who will also be required to undertake 


lectures ‘in general elementary chemistry, mine 
gases, explosions, gob fires, and coal carbonisation, 
$ Mining Student. Salary 
Further particulars and forms of application, 
which must be -returned by June 30th, may be 
obtained from the REGISTRAR. 80 


WOLVERHAMPTON B EDUCATION COMMITTEE. 
MUNICIPAL TECHNICAL SCHOOL, 


anted, in September next, 

a FULL-TIME L URER in MECH- 

ANICAL “GNGLN BERING University degree, or 
its equivalent, and teaching experience essential. 
Salary £300, bye Ned annual increments of £25 to 
a pres Kap of £4 Application form and further 
particulars can be obtained upon sending stamped 
addressed foolscap envelope to the undersigned. 
Applications must be recelved pest later than 30th 
June, 1920. emcee prohi 

WAREEN, 
“Director of Education. 





Education Offices, 
Town Hall, 
Wolverhampton. 
Ith June, 1920, 


CITY OF way Liege cereus 
COMMITTE 


Required 3 in Sey tember next, 
the full ro ee of LECTURERS 
in the eit su 
UNIC OPAL TECHNICAL SCHOOL 
MPrincipal-—W. . SuMPNER, D.Sc.). 
Physics, Electrical Engineering, Mechanical 


Engineering. 

HANDSWORTH TROHNICAL SCHOOL 
(Principal—W. E. Haxrison, A.R.C.Sc.), 
Mechanical En, amie 
The commencing salary offered will depend upon 
the previous training and experience of the 


candidates 
For full culars apply to SECRETARY, 
echnical School, Suffolk Street, 


H 56 








within 3$ miles of the centre of the Cit: 
Manchester, on the Chester Road Main Car 

and within'a short distance of Stretford and old 
Trafford Railway Stations. 

The Site eouaien an area of 14,489 rds, 
including street land, and is held on a one ‘or 999 
years from the Trustees of the Trafford Estate at a 
yearly rental of £162 7s. 6d. and subject to the 
er covenants contained in Leases of the Trafford 

te. 

The ae are extensiv: 1 d on the 
most modern lines. All the. ‘ientnen and Plant 
is of the most modern description, while the 
Blectrical power and Lighting installations are of 
the latest and most approved type. 

The Stock in Trade of raw material and finished 
and unfinished will be taken over at a valua- 
tion by the pure’ 

In tion the whole of the Patent Rights ap 
taining to the 12 HP. Newton Chassis leusteding 
the Italian Rights), and the Draw and § Specite 
cations in connection therewith will be sold with 
the business. 


S. above is offered for sale in two separate lots, 


mel 
MALO? i, which comprises the Motor Car Bngi- 
neering Works and the site thereof as aforesaid and 
all the machinery and fixed and Loose Plant used 
in connection therewith and the Stock in Trade, 
the Patent rights of the Newton Chassis, and the 
Goodwill of the business (except the Goodwill and 
Stock in Trade attached to Lot 2) as a going 
concern with the benefit of all pending contracts. 
LOT 2. The Goodwill in connection with the 
specialised manufacture of es for En, 
neering Works which is now carried on by the 
firm as a separate Branch of the business and the 
whole _ the ay ae and the benefit of all 
pendin therewith and all 
the Stock of s fale steel used in this Department. 
No Tools or Machinery are included in this Lot. 
The name Newton- og is excluded from the 
sale and the Purchaser shall have no right to use 
such name nor either of such names. Detailed 
Particulars of the Property ne Inveritories of the 
Machinery, Plant, &c., to be sold together with 
Conditions of Sale and Form of Tender attached, 
have been printed and may be had on application 
to any of the undersigned. 
Tenders on ae must be sent in on 
or before the lst July, 1 , addressed to FRAN. 
a Bsq., Chartered Accountant, 8, King 


All information that ma: wate eqn hn: 
- Tylanatignadtergrege the above 


DOWLER, Esg., the Receiver appein’ 
ste Partners, 6, oe = 
. S. AIRBY Ee en 2,002 Anstioncere 
and Valuers, 10, Norfolk Street, 











of Kicttions, 0. 5. LAK & 


. o. ,’ Solicitors, @. Jobn 
H 120 


Municipal 
Bir specitying post in respect of which 
{| particulars are required H 118 


DUDLEY EDUCATION COMMITTEE. 


DUDLEY TECHNICAL SCHOOLS. 
Principal - J. H. Grinpiey, D.Se., M.I.Mech.E. 


The Dudley Education Committee 


Reaguire the Services of Two 
ASSISTANT LECTURERS in Engineering. 
Candidates must possess good, practical experience, 
and either a University degree or academic qualli- 
—- of approved standard in mechanical engi- 


Coamenciig salary £300 to £350, according to 
qualifications and teaching experience. 

Fall particulars may be obtained from the under- 
signed, to whom applications should be forwarded 
not later than June 25th. 

J. WHALEY, 
Director of Hducation. 

St. James’ Road, 


Dudley. G 980 
CITY AND COUNTY BOROUGH OF BELFAST. 


The Technical Instruction Committee invite 


plications for the Follow- 


POSITIONS in the MUNICIPAL 
TECHNICAL INSTITUTES, Belfast :— 
LECTURER and DEMONSTRATOR in 
MECHANICAL ENGINEERING. Remunera- 
tion £350 per annum, including Bonus, sites 
. to £2420 perannum. (It is porn: Fo that Appl 
cants for this Position should have a University 
Degree in Science or Engineering). 
ASSISTANT LECTURER and DEMON. 
STRATOR in MECHANICAL ENGINEERING. 
Remuneration annum, including 
Bonus, rising to £370 per annum. 
Two ASSISTANT LECTURERS and DEMON- 
STRATORS = PHYSICS and ELECTRICAL 
a eng NG. Remuneration, for each 
Assistant per annum, including Bonus, 
risin, an £0 per annum. 
Partioniars of the Duties and Conditions of 
Appointment may be obtained from the under- 








K | signed, with whom ap) eee - the —— 


Form provided for the at 
later Noon on TORSDAY. 20 20th “ONE 
should be accom panied by co 
of recent testimonials (original testim: 
must not be 3° it). 
— strictly forbidden and will dis- 
RUPERT STANLEY, capa 
Munictpal Technica te, 
Belfast. 








CITY OF CARDIFF EDUCATION COMMIT? ER 


THE TECHNICAL COLLEGE. 
Principal Cuariis Conzs, B.Se. (Lona. 


rpthe Services are Required of 
an ASSISTANT LECTURER in the Ep 
neering Department, whose duties will be concerned 
mainly with Laboratory work. 

Commencing salary £350 annum, rising by 
annual increments of £20 to £450 per annum. 

Applicants should have had workshop traini: 
teaching og pe cong: jood experience in the 
Engineering Laborator a Technical College. 
He should be able to an the equipment in Roo " 
condition, and to help with the design and m: 
_—— of additional apparatus. 

Appl lications on foolscap paper, stating age, full 
qualifications, teaching and other experience, and 
giv ing coples of not more than three testimonials 

ould — the Principal on or before Friday, 


July 2n 
" JOHN J. JACKSON, B.A., 
City Hall, Director of Education. 
Cardiff. H 186 


CITY OF BRADFORD TECHNICAL COLLEGE. 


APPOINTMENT OF ASSISTANT LECTURERS 
IN MECHANICAL ENGINEERING. 


A Pblications are Invited for 
ASSISTANT LBCTURESHIPS in the 
ade of Mechanical Engineering. The 

following appvintments will be made— 

(I) One Assistaut Lecturer Speveks qualified in 
—— Combustion Enginés and Motor 
Car Engineering. 
(II) One Assistant Lecturer in Engineering 
Mechanics. 
(III) One Assistant Lecturer with special 
qualifications in Eppneuing Drawing. 
Salary in each case will be according to scale 
rising to a maximum of £400 perannum. In fixing 
the initial salary, consideration will be given to 
qualifications and previous experience. (Inaddition 
to the salary a bonus saponins at present to 
£35 16s. per annum fs also paid.) 
Applications. ee forms which may be obtained 
from the PRINCIPAL, Technical College, Bradford, 
should be forwarded not later than SAT URDAY, 26TH 


JuNgE, 120. 
BY ORDER. 
H 25 








UNIVERSITY OF LONDON. 
GOLDSMITHS’ COLLEGE, NEW CROSS, 8.B. 14. 


Applications a are Invited for 
e POSTS of :— 

i. —— nee in Electrical Engineering, 
Grade IL A.C. 

2. Evening ane in Blectrical Engineering, 
Grade IIT. 

3. Evening Assistant Inst: uctor or Demonstrator 
in one or all of the following subjects :— 
Fitting and Machining (Precision work) 
Machine Drawing, achine Design. 
Practical Mathematics. 

4. Evening Instructor in Metal Plate Work, 
‘Grade II, (Drawing). 

5. Evening Assistant Demenstraterta Electrical 
Engineering (Laboratory). 

Remuneration according to the London County 
Council’s scale of salaries. 

Applications, stating qualifications, to be sent 
not later than 30th June, addressed to :- 

THE WARDEN, Goldsmiths’ College, ‘New Cross, 
8.5, 14. H 212 





DARLINGTON BDUCATION COMMITTEB. 
TECHNICAL COLLEGE. 


Principal: R. M. . M. Cavan, DSc. 


A Pplications ax are Invited for 


e we Jae POSTS :— 
(a) aS THE DEPARTMENT OF 
BOTRIOAL ENGIN BERING, PHYSICS 
aND PURE MATHEMATICS. *Commenc- 
ing salary £350 per annum, rising by 
annual increments of £12 10s. to £400. 
wg ome are required to be Graduates of 
British Universities. 
(b) ay LECTURER IN BENGI- 
NG. Commencing salary £300, 
FS ne - annual increments of £12 10s. to 
#2350. Preference will be given to 
Graduates of British a," with 
practical engineering ex 
Further serstonlecs and Forms of Application 
=e be obtained from the undersigned, to whom 
mpleted Forms should be returned not "jater thar 
lath July, 1920. 
A. ©. BOYDE, 


Director of Education and apace TO 
June, 1920. 





KENT EDUCATION COMMITTEE. 
ERITH TECHNICAL INSTITUTE. 


Graduate is Required to 


A teach Mathematics and be responsible fo: 

the a = yt wangees in the Day and 
=e iD, 

Salary in Ginetta with a the Scale of the Ken: 

Education Committee; to a suitable man wit! 

page Bd experience, an initial salary of £2350 migh‘ 


iculars and forms of 4-9 met 


age, qualification< 
th copies of three recen' 
testimonials, be sent at once to Mr. W. 
ens Seat oe a 
of Education. 


G 9% 





28th May, 1920. 
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HYDROGEN PRODUCTION FOR 
AIRSHIPS. 
By P. L. Tzep. A.R.S.M., A.LM.M. 


Prior to the war the only demand for hydrogen 
in large quantities in England was in the fat harden - 
ing industry and the plants in operation were com- 
paratively few, and, as might be expected, by no 
means uniform in their method of operation, for 
manufacturers were not clear as to which was the 
best method of hydrogen production. In August, 
1914, electrolytic and iron contact plants, were 
both in use, followed soon after by a Linde Frank 
Caro water gas liquifaction plant which was 
completed and put into operation by Messrs. Ardol, 
of Selby. 

In Germany, largely owing to the national faith 
in airships which had existed with increasing con- 
viction during the previous ten years, hydrogen 
production was on a far bigger scale. Many 

s had been tried and large scale units were 
operating on the following systems, electrolytic, iron 
contact, water gas liquifaction (Linde Frank Caro), 
and water gas oxidation (Bamag Catalytic), while 
at least two small experimental plants were work- 
ing, one on the Bergius iron contact system, and 
another on the Carbonium process of decomposing 
acetylene. 

In America, before the war, hydrogen production 
was practically confined to the requirements of the 
fat hardening industry, and the processes in opera- 
tion were limited to the electrolytic and iron con- 
tact ones. 

The principle of the eletrolytic process is well 
known, and there are numerous standard units which 
produce approximately 6 cub. ft. of hydrogen and 
3 cub. ft. of oxygen per kw.-hour, which, with a 
coal consumption of 2 1b. of fuel per kw. hour, is 
equivalent to 6,720 cub. ft. of hydrogen, and 
half as much oxygen per ton of coal consumed. 
The purity of the hydrogen is generally over 
99-5 per cent., containing as an impurity chiefly 
oxygen (also traces of hydro-carbons if an alkaline 
electrolyte is used). 

Thejron contact process consists essentially of the 
alternate reduction of iron oxide by water gas and 
its subsequent oxidation by means of steam. If the 
whole of the fuel consumed in the plant is coke, both 
for steam raising (for all purposes) and for water gas 
manufacture, the yield of hydrogen is about 6,500 
cub. ft. to 7,000 cub. ft. per ton of fuel. The 
majority of the numerous plants working on this 
principle give a hydrogen, after purification by 
passing through ferric hydrate and lime, of about 
99 per cent., with about equal quantities of 
nitrogen and carbon monoxide and traces of 
sulphur compounds other than  sulphuretted 
hydrogen. 

The Linde Frank Caro process operates by liqui- 
fying all the constituents of water gas except 
hydrogen; the separated liquid gas, chiefly carbon 
monoxide (after re-evaporation, with consequent 
cooling of fresh, raw gas), is sufficient in plante of 
about 4,000 cub. ft. hydrogen capacity per hour, 
to supply all fuel necessary for the auxiliary 
machinery and steam raising for the water gas 
generators. With a coke consumption of 35 lb. 
per 1,000 cub. ft. of water gas, the hydrogen yield 
is about 25,000 cub. ft. per ton of coke. The 
hydrogen is about 97 per cent. by volume with 
2 per cent. carbon monoxide, 1 per cent. of nitro- 
gen; the gas is free from sulphur compounds. 

The “ Bamag Catalytic” process consists of oxi- 
dising the carbon monoxide of water gas with steam, 
in the presence of a catalyst, and then separating 
the resulting carbon dioxide from the hydrogen 
by passing the gas under pressure through water 
(Bedford method). With a consumption of 35 Ib. 
of coke her 1,000 cub. ft. of water gas, the gas 
production is about 35,000 cub. ft. per ton, con- 
taining 97 per cent. hydrogen, 2-7 per cent. nitro- 
gen, and 0-3 per cent. carbon monoxide, the gas 
being free from all sulphur compounds except 
traces of sulphuretted hydrogen which can, if 
gary He be removed. 

next column is given a tabular summary 
of the working results of industrial processes in 
ase. It will be seen from this table that these 
Processes have very differing efficiencies, and that 


Industrial P H 
Output of = naga ydrogen 





in buoyancy due to superheating of the hydrogen. 

eoaight. Both the em waste 
airships are operated comm y) will be, if not 
eliminated, then certainly reduced. Then the only 
hydrogen consumption will arise from outward 
diffusion of the gas the gas bags and inward 
diffasion of air, which ultimately brings the purity of 
the remaining gas down to such an extent that it has 
; ;| to be replaced by fresh hydrogen. This source of 
traces of sulphur com- | hydrogen consum ption is likely to decrease also, for, 
a Other “89 | during the war the impermeability of fabric has 
97-0 per cent., free from | enormously increased, and seems to be likely to be 
OF oO er cent een |improved still more.’ Indeed, it is not allowing 
sulphur compounds. |imagination to run riot to express a belief in the 
possibility of airships in the future having hydrogen 
requirements which will be negligible in comparison 

with those of to-day. 

To turn to conditions as they exist to-day, the 
| voyage of R. 34 serves as an example. We were 
officially intormed that she left East Fortune with 
5,000 gallons vf petrol, and that she arrived at New 
York with about 100 gallons, that is to say, the 
decrease in weight of the ship was :— 


7.2 == 36,200 Ib, 


Now since an airship must land in equilibrium 
(and cannot fly very much ovt of equilibrium) the 
| total valving of hydrogen during the voyage from 
| this cause would have amounted to (assuming, 
| under the average conditions prevailing, that 1,000 
| cub. ft. of hydrogen had a lift of 651b.), 


35,200 x 1,000 
65 


YViela per Ton of 
Type. el. Purity by Volume. 


.| 6,700 cub.ft. of H. 
3,350 cub, ft. of O, 


:.| 6,600 cub. ft. to 
7,000 cub. ft. H. 


Electrolytic 00-5 per) 


Iron contact 


Linde Frank Caro 
“ Bamag Cataly- 
tic ” 


25,000 cub, ft. H. 
35,000 cub. ft. H. 











very high purity hydrogen is obtained only at a 
very great fuel consumption. 

In England the war found the country practi-ally 
without Government hydrogen plants (as the air- 
ship service was limited to seven distinctly inferior 
airships) with the result that it became n 
to indulge in the rapid construction of plants of 
more or less known reliability rather than those of 
higher efficiency whose detail was still somewhat | 
experimental. The first plants constructed were | 
Silicol ones. In this process powdered ferrosilicon | 
(over 80 per cent. Si) is run into an aqueous solution 
of caustic soda (25 per cent. to 30 per cent. NaOH), 
when the following reaction takes place :— 





4,90) x 


2 Si + 2 NaOH + 3 HeO = NaSigOs + 4 Ho. 


In actual practice the consumption of caustic soda 
is about 12 per cent. more than that indicated in | 
the above equation, and the hydrogen yield about | Combining this with superheating effects, it is im- 
8 per cent. less. A ton of ferro-silicon (over 90 per | probable that in order to start on the return trip 
cent. Si) gives about 45,000 cub. ft. to 50,000 cub. ft. | the total hydrogen required was under 700,000 cub. 
of hydrogen of about 99-9 per cent. with traces of | ft. 
arsene, phosphene and acetylene. | To supply this quantity of hydrogen rapidly 

This process has much to commend it, the capital and economically necessitates that it shall have been 
cost of the plant for equal hourly yield is about one- | made prior to the arrival of the ship, and should be 
fifteenth of that of the iron contact plant, the purity | in storage in an ordinary spiral guide gas holder 
of the gas is higher, and the manipulation of the (which is the cheapest form of gas storage). To 
plant much more simple ; but the cost of materials accumulate this volume of gas during a week would 
consumed for equal volumes is (at prices prevailing | require a “ Bamag Catelytic” unit of 4,000 cub, ft. 
in 1918) seven times as high as in the iron contact per hour hydrogen capacity with a second unit of 
process. On the other hand whenever hydrogen is | the same size in reserve. 
required the plant can be got ready and put into| Now assume that a certain place ia visited by an 
operation within an hour, nothing whatever being | airship occasionally, and noteven at regular intervals 
required except caustic soda, ferro-silicon and|in such a case the question of gas supply becomes 
water, together with a small amount of power | very difficult. It is not possible to keep hydrogen 
(about 30 h.p. for a yield of 60,000 cub. ft. per hour) | for indefinite periods in low pressure holders, as there 
for pumping cooling water and driving stirring is always an inward diffusion of air which u- 
mechanism. Even the most rapidly started iron | ally lowers the purity, and will in course of time 
contact plant, the Messerschmitt, if water gas is|render the gas useless. The construction of a 
available, requires about eight hours, starting from | “ Bamag Catelytic” type plant of large hourly 
cold, before hydrogen can be produced. ‘capacity is a doubtful expedient, as the capital 

The Silicol process is an ideal war method of | depreciation charges may entirely eliminate the 
producing hydrogen, and has been used by the ‘actual material cheapness of the progress, and 
Germans, French, Belgians, Americans and our- | further, these plants owing to their | heat 
selves for the supply of hydrogen, chiefly for kite | capacities, are not efficient when operated inter- 
balloons, and also for small airships. | mittently. 

With the creation of airship bases of a permanent For large irregular demands for hydrogen it is 
nature with a fairly steady hydrogen demand, the | doubtful if there is, to-day, any more 
iron contact process, in its several forms, was adopted | suitable than the Silicol one. Plante of 60,000 cub. 
in both England and America, and has given most,| ft. per hour capacity have been made, rer can be 
satisfactory results, even if they were secured with rapidly set in operation and be opera one 
what, in the near future, will be regarded as high fuel | engineer having a little chemical knowledge, 
consumption. |assisted by navvy labour. 

Industrially, there can be no doubt that the| Though the Silicol process was regarded as a 
most effective process for hydrogen production to- | purely wartime method, it is most probable that in 
day is the “ Bamag Catelytic ” ; it gives a hydrogen | the early days of commercial airships, when hydro- 


== 540,000 cub. ft. 




















free from all sulphur compounds, save traces of sul- | 
phuretted hydrogen, which if necessary, can be easily 
and cheaply removed. Research during the war has 
shown an effective method whereby the small 
quantity of carbon monoxide can be largely and 
satisfactorily eliminated; thus by this process 
fairly high purity hydrogen containing little 
except nitrogen as an impurity, can be continuously 
manufactured. 

For commercial airships the question of a suitable 
process for hydrogen production is one of great 
complexity, as so much depends on the amount and 
regularity of the demand. To-day, the large 
hydrogen consumption of airships is due to two 
causes, one the necessity for valving hydrogen 
owing to increasing buoyancy arising from fuel 
consumption during flight, and the other owing to 
having to valve hydrogen owing to sudden increases 





gen demands will be both large and irregular, it will 
continue to play a useful part; but should com- 
mercial airships become regular in their services, a 
more efficient process will doubtless replace it if 
the present consumption continues. However, it 
is not improbable that the condensation of the water 
in the exhaust of the airship petrol engines (100 Ib. 
of petrol produces 145 lb. of water on combustion) 
will eliminate the present consumption of hydrogen 
due to valving from excessive buoyancy due to fuel 
consumption, and that improvements in the outer 
cover of rigid airships will also greatly reduce the 
present superhesting losses. Thus airships ma 
have such small hydrogen requirements that at 
stopping places (except the main base), the produc- 
tion of hydrogen will be more influenced by the 
capital cost of the plant than the material cost of the 
hydrogen. 
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THE BIRKENHEAD WORKS OF MESSRS. 
CAMMELL LAIRD AND CO., LIMITED. 
Liverroot is pre-eminently a seaport, and 

although many large and important works of very 
miscellaneous type exist either in the city, or ite 
environs, it is essentially as a shipping centre that 
the town is famous. For this reason Liverpool is 
not an engineers’ town in the sense that Birmingham 
is. It must, however, always be a centre of great 
interest to in view of the shipping and 
the docks which accommodate it. These are both 
the creation of engineers, ‘and the - branches of 
engineering connected with ships and shipping may 
certainly be studied with great profit in Liverpool, 
so that the meeting which the Institution of Naval 
Architects is to hold in the city in July should be 
enjoyable and profitable. Liverpool not being an 
engineers’ town from the manufacturing point of 
view, there will not be the variety of engineering 
-establishments available for visits which a corre- 
sponding summer meeting at Glasgow would find, 
but such establishments are very far from entirely 
lacking and very especially, in connection with the 
works of Messrs. Cammell Laird and Co., Limited, 
is an establishment available which has much of 
great interest to show. 

We do not know that antiquity is in the nature 
of a virtue, but some special interest always resides 
in an establishment, or an institution, which has had 
the vitality to outlive most of those which were once 
its fellows. We think we are correct in saying that 
the record of the Birkenhead shipyard is 
only in length of days by Messrs. Scotts of Greenock 
and Messrs. Palmers of Jarrow-on-Tyne. The name 
Laird is so interwoven with the history of English 
shipbuilding that it is hardly possible to begin a 
description of Messrs. Cammell Lairds’ present 
establishment without some little reference to 
earlier days, although it is far from our present 
intention to attempt a history of the yard. When 
dealing with a firm which has produced such famous 
ships as the Birkenhead, the Captain and the 
Alabama, it is not possible, however, entirely to 
ignore the past. 

The shipbuilding industry was established on the 
Mersey in 1824 by William Laird, the original 
works being at Wallasey Pool with a branch estab- 
lishment on the Liverpool side of the river, on a 
site now occupied by the Herculaneum Dock. The 
activities of the firm were at first confined to the 
building 
were added in 1857 after removal to the present site 
at Birkenhead. The firm of Charles Cammell and 
Co., which was founded in Sheffield in 1837, pur- 
chased the business of Laird Brothers in 1903, and 
the joint firm then took its present title. At this 
time the shipyard and engine works covered an 
area of some 25 acres, but in 1905 large extensions 
were taken in hand and the adjacent Tranmere Bay 
estate was developed and laid out. The present 
establishment, of which a plan is given in Fig. 1, 
on page 813, accordingly covers about 108 acres. 
In connection with this plan it may be of interest 
to point out here that the original yard covered 
the northern part of the present works, and that 
some of the graving docks which are to be seen 
at that end of the site are now approaching a 
century of service. 

The historical aspects of this famous yard per- 
forming merely introductory service in this article, 
we make no attempt even to summarise the con- 
tributions which the Birkenhead establishment 
has made to the progress both of the mercantile 
and naval services. It is of interest," however, to 
point out that if Laird Brothers were not the first 
they were of the first to build iron ships, and that 
the first iron vessels navigated in the seas of India, 
China, the United States and Egypt were built by 
them. The firm built its firs screw steamer in 
1838, the very early days of screw propulsion. 
She was named the Robert F. Stockton, after her 
owner, an American,, The boat was ultimately 
taken to the United States and her name changed 
to New Jersey. Excepting an experimental craft, 
she was the first screw vessel in the United States. 
What was we believe the first steel steamer to be 
constructed was built at Birkenhead. She was a 
river boat, 75 ft. long, and was used by Livingstone 


of ships and boilers, but engine works | 


in African expeditionary work. The firm did much 
valuable work in the early days of ocean-going 
steamers and liners, and built many ships for the 
P. and O. Service, the Cunard Line, &c. In the 
latter years of the last century, however, the 
in length of this class of vessel was such that 
could not well be undertaken on the Birkenhead 
slips, and the firm for some years specialised in 
cross-Channel steamers and war craft. The in- 
corporation of the Tranmere estate altered this 
condition of affairs, and at the present time a very 
representative collection of merchant vessels is to 
be seen in progress of various sizes up to and 
including a 600-ft. Cunarder. 

In warship building, Messrs. Cammel] Laird have 
always taken a prominent place, the first Admiralty 
contract with the old works dating from 1839. 
From that date to the present time we believe the 
firm has built some 130 warships of various types 
for the British Admiralty. We make no attempt 
to enumerate what these figures cover, but it may be 
of interest to say the Birkenhead, whose name 
stands for one of our noblest stories of the sea, was 
a wooden frigate, 210 ft. long, and with machinery 
of 560 h.p. She was built in 1846, The Captain, 
whose story is equally remembered, but with less 
national pride, was a low freeboard turret ship, 
built in 1871. Her unhappy loss in no way stands 
against the name of her builders. In later years 
the firm was concerned in all the various building 
programmes and constructed examples of most of 
the types of cruiser and battleship which have led 


passed | to our present standards. Their actual war work 


we will refer to in a moment, but of their later 
pre-war vessels that whose name has perhaps 
achieved the greatest prominence was H.M.S. 
Audacious, of peculiar memory. To the firm’s 
warship work for other countries we can do no more 
than refer. It is perhaps, however, allowable to 
say that the famous Alabama was a vessel of 214 ft. 
long and with a speed of 12 knots. She was built 
in 1860. 

At the outbreak of war, Messrs. Cammell Laird 
had under construction, among other vessels, three 
cruisers and one flotilla leader. As vessels of these 
classes were from the first of the greatest value, 
special efforts were at once made to complete those 
in hand in the shortest possible time. As a result 
the cruiser H.M.S. Caroline was delivered to the 
Admiralty 54 months before her contract time, 
,and the flotilla leader H.M.S. Kempenfelt was 
similarly delivered four months before her contract 
| date. The Caroline was followed by seven similar 
vessels, each of which was completed in twelve 
months, as compared with the usual pre-war time 
of from eighteen to twenty months. The Kempen- 
felt was followed by 16 flotilla leaders. In con- 
nection with this type of ship it may be mentioned 
that H.M.S. Swift, the pioneer of the type, which 
did such distinguished service on the Dover Patrol, 
was built by Messrs. Cammell Laird in 1907. In 
addition, the firm also built during the war 10 sub- 
marines and 10 merchant vessels, which included 
among their number three large ships originally 
intended as liners and three of the largest type of 
Standard ship. In addition to these various complete 
vessels, the turbine machinery for two cruisers was 
also built during the war. 

This record of their work completed makes up 
to a very considerable total, but is far from repre- 
senting the whole of the war work carried out at 
Birkenhead. Owing partly to the special experience 
of the firm in connection with repair work and 
partly to the convenient situation of the yard, a 
very large amount of work of a reconditioning nature 
was allotted to Messrs. Cammell Laird, and the yard 
was made the repairing and refitting base for the 
American destroyers operating in European waters. 
The reconditioning and repair work covered some 
/heavy jobs, and included such matters as the 
| reparation of damage caused by mines and torpedoes 
or collisions, extensive refits to ships with the 
‘installation of guns and special machinery, the 
fitting out of vessels as transports, seaplane carriers, 
|&e. One of the most interesting pieces of work 
, carried out was the conversion of the liner Campania 
to a seaplane ship. In all 602 vessels were dealt 
, with in one way or another, 502 of them being 
repaired or altered at Birkenhead and the remainder 








being dealt with by the firm and the firm’s work- 
people at Royal Dockyards. 

Coming now to a description of the shipyard and 
engine works as they now exist, we may first refer 
to the plan given in Fig. 1. As will be seen, the 


they | yard lies on two sides of a fitting-out basin which 


has an area of 14 acres and an entrance from the 
river 140 ft. wide. The larger slipways and shops 
are to the south side, while the graving dock and 
some of the smaller shops are to the north. The 
two large graving docks, respectiyely 861 ft. and 
708 ft. long, form part of the 1905 extensions. The 
smaller graving docks are in what was the original 
yard. Itis hardly necessary to point out that there 
are but few private shipyards which have graving 
dock accommodation equal to that shown in Fig. 1, 
and that this equipment places the firm in a very 
favourable position for undertaking reconditioning 
and repair work, of which naturally much is required 
in connection with a port of the size of Liverpool. 
This class of work forms such an important feature 
of _Messrs. Cammell Laird’s activities that the 
north end of the yard is devoted exclusively to it. 
This part of the establishment is run as a separate 
works, in as far as the operatives are concerned, so 
that there is no interference between repair jobs 
and the main shipbuilding programme. Engine 
repairs are confined to special shops which can be 
seen on the plan, and work of this class, unless it be 
of a specially heavy nature, is excluded from the 
main machine shops. Views of the two large 
graving docks are given in Figs. 2 and 3, on pages 
814 and 815. These views are taken looking 
towards the river. The steamer on the right, in 
Fig. 3, is lying in the outer basin. A view showing 
the river entrance to the graving docks and outer 
basin is given in Fig. 4, on page 816. 

At the south side of the yard there are six slip- 
ways. The longest of these, No. 6, canbe arranged 
to accommodate a ship 1,000 ft. long. This way 
was occupied during the later stages of the war by a 
battle-cruiser, a sister ship to H.M.S. Hood. After 
the armistice work was suspended and the partially 
completed hull was finally broken up. The slipway 
is now occupied by a new intermediate Cunard 
liner of 600 ft. long and a gross to of 21,000. 
The hull is now well under way, and the boat should 
be launched in the autumn of this year. A view 
showing the hull under construction is given in 
Fig. 5, on page 816. The slipway is equipped with 
electrically-operated derricks built by Messrs. 
Sir William Arrol and Co., Limited, of Glasgow, 
and lifting 6 tons at 60 ft. radius. The slipways 
are all piled, as indeed are all heavy foundations 
throughout the newer part of the works, the whole 
area consisting of made ground. To the north of 
the outer basin there are further slipways shown 
in our plan. These are capable of taking vessels 
from 300 ft. to 350 ft. long. They were occupied 
during the whole of the war with the building of 
destroyers. We should say that three of the slip- 
ways are now being converted so that two will in the 
future occupy the space of the three. This is being 
done in order that a rather larger type of vessel 
than a torpedo-boat destroyer may be dealt with. 
The two new slipways will be served by a pair of 
fixed Toplis derrick cranes with revolving heads 
and of a capacity of 4 tons each at 105 ft. These 
cranes, which were built by Messrs. Stothert and 
Pitt, Limited, of Bath, originally for the Chepstow 
shipyard, will be able to serve every point on the two 
slipways. 

The extent of the graving dock accommodation 
is 20 well shown on the plan that little need be said 
about it. As will be seen, the largest dock has a 
length of 861 ft. and a 90-ft. entrance. The depth 
of water on the sill during spring tides is 35 ft. 
The corresponding figures for the dock next in size 
are 708 ft. long and 80 ft. entrance, the depth 
of water on the sill being 32 ft. A steam 
driven pumping station situated on the pier head 
between these two docks serves for emptying either. 
The five smaller graving docks range in length up to 
448 ft. 6 in., in width up to 83 ft. 3 in., and have a 
depth of water on the sil] at spring tides up to 
21 ft. 9in. As the height between high and low 
tides in the Mersey is very considerable, these 
older graving docks have in the past been emptied 


naturally by waiting for the fall of the tide. A 
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5 tons. The'crane was supplied by Messrs. Cowans, 
Sheldon and Co., Limited, of Carlisle, and the barge 
was built by Messrs. Cammell Laird. It is one of 
the largest: floating cranes in the world. 

At the north-west corner of the outer basin there 
is an inner basin, reached through a passage 40 ft. 
wide which is spanned by a swing bridge connecting 
the two parts of the yard together. This inner 
” basin has an area of 2} acres, and ships of 22 ft. 
draught can traverse the passage. Electric capstans 
are provided for warping ships through. We should 
have said earlier that similar appliances are pro- 
vided in connection with the outer basin to facilitate 
the movement of ships. The largest of these is 
of 35 tons capacity and there is also one of 20 tons. 
The inner basin has quays 450 ft. and 350 ft. long 
and is utilised for the importing of timber and other 
supplies. A considerable portion of the material 
received at the yard comes by water, and this inner 
basin,’ which is in effect a private dock, adds much 
to the’convenience of handling this material. 

The timber store, as shown in the figure, is imme- 
diately alongside the basin, while the south quay 
is served by the railway vonnections which are 
carried throughout the yard The outside railway 
connection to the works is made by a line crossing 
the new Chester-road by a bridge and joining up to 
the Birkenhead and Chester joint railway. In all 
there are about 6 miles of standard gauge service 
railway in the works which carry a fleet of 4 loco- 
motives and 22 locomotive cranes. The standard 
gauge lines are carried through all the important 
shops. The main stockyard, accommodating plates 
and sections, is situated immediately to the west of 
the shipbuilding machine shops. It is served by a 
6-ton travelling gantry, and its connections to the 





service railways can be seen in Fig. 1. At the 
extreme south of the estate, as shown in the plan, 
there is a basin 1,050 ft. long by 300 ft. wide enclosed 
in clay banking and with a sheet-pile dam at the 
river end. This basin was constructed for the 
building of floating docks, and has proved very 
useful for that purpose. It is now being filled in 
and the area will be added to the yard. Before 
leaving our description of the shipyard we should 
point out that the river frontage is 3,100 ft. and 
that the Mersey is over a mile wide opposite the 
yard. This gives an admirable launching area, 
and also makes the graving docks and bases very 
free of access. A measured half-mile has been 
marked out on the frontage for speed trials. 

Turning now to a description of the principal 
shops, we may first refer to the saw mill as a con- 
venient starting place and one dealing with an 
important raw material of shipbuilding. This 
department, which is situated alongside the timber 
store, is illustrated)in Fig. 6,on Plate XLVIII. The 
shop itself is in two bays and has a total width of 
110 ft. and a length of 200 ft. The equipment is 
capable of dealing with large material, and includes 
three frame saws for cutting logs up to 36 in. by 
36 in. and 50 ft. long, and a double horizontal saw 
for taking logs 48 in. in diameter by 36 ft. long, 
and a cross-feed saw to take logs up to 24 in. 
diameter. There are also several circular saws 
ranging up to 60 in. in diameter, and two planing 
machines capable of dealing with boards 12 in. 
wide by 5 in. thick. As Messrs. Cammell Laird do 
the whole of the woodwork in connection with the 
fitting-out of the vessels they build, this saw mill 
deals with a large amount of work. Timber is 
brought into it by a 5-ton travelling crane which 





runs down the main bay and works along a gantry 
in the timber yard. The timber storage sheds 
alongside have a total area of 32,700 sq. ft. and are 
of considerable height, 

Views of the two wood-working departments which 
are supplied from the saw mill are given in Figs. 
7 to 9, on Plate XLVIII. The joiners’ and cabinet- 
makers’ shop is a building 300 ft. long and 100 ft. 
wide, with galleries on three sides which give a 
total floor area of 47,000 sq. ft. This shop, as also 
the saw mill and pattern shop, is fitted with auto- 
matic sprinklers. The cabinet-making and light 
joinery is carried out in the gallery and the machine 
and heavier work is done on the ground floor. There 
are in al] some 50 wood-working machines which 
need not be specified in detail. They are driven by 
three lines of shafting carried below floor level. 
A complete pneumatic exhaust system is fitted 
throughout the shops for carrying off sawdust and 
shavings. Ducts are carried to every machine 
and to convenient positions at floor level. The 
material is collected in hoppers outside the building 
and is ultimately burned in a steam-raising refuse 
destructor to which we will refer later. As we are 
dealing with wood-working departments, we may 
refer here to the pattern shop, although naturally 
this department is more directly concerned with 
engine building than with the shipyard side of the 
establishment with which we are now dealing. The 
shop is illustrated in Fig. 7, on Plate XLVIL, and 
contains a fine selection of wood-working machines. 
It is 180 ft. long and has an area of 17,100 sq. ft. 
What we have said above in relation to shafting 
arrangements and dust extraction in the joiners’ shop 
applies equally in the pattern-makers’ shop. , 

The shipbuilding shops proper are in the main 
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grouped to the landward end of the slipways. It 
will ba seen from Fig. 1 that there are separate 
shops‘of this type for the main slipways south of 
the basin and for the smaller slipways to the north. 
We shall confine our detailed reference to the main 
south shops. Operations from the pure shipbuilding 
point ‘of view may be considered to begin at the 
moulding loft, which is situated above a general 
store, as shown in the plan. In this loft, which has 
an area of 19,600 sq. ft., the lines and sections of 
ships are drawn out on the floor and templates are 
made. The ‘machine shop for dealing with plates, 
anglesjand bars are illustrated in Figs. 10 and 11, on 
Plate XLIX. As is indicated by the illustrations, 
this is a very fine shop, and is indeed one of the 
largest of its kind in the country, having a total 
roofed area of over 150,000 sq. ft. The very large 
amount of room round the various machines, giving 
plenty of space for handling, may be looked upon as 
one of its special features. As will be seen from 
the figures, the roof stanchions are a considerable 
distance apart, giving a good clear floor. The 
bending blocks and screeve boards are shown in 
Fig. 10. They each have an area of about 17,000 
sq. ft. Adjacent there are the gas-fired furnaces. 
There are two angle furnaces which can deal with 
bars up to 60 ft. in length. There are also two 
furnaces capable of taking plates up to 7 ft. 2 in. 
by 28 ft. As will be clear from the plan, these 
furnaces are situated close to the stockyard. A 
bevelling machine is situated alongside the furnaces 
of which angles, channels and Z bars may be 
bevelled as required before passing to the bending 
blocks. An assemblage of portable hydraulic bend- 





ing machines is available to assist manual labour 
on the bending blocks. 

A view showing part of the machine equipment 
of this shop is given in Fig. 11. We do not propose 
to attempt to deal with this equipment in detail, 
but would say that in general it is designed to deal 
with plates up to 36 ft. long by 7 ft. wide by 2 in. 
thick. There are in all about 30 punching and 
shearing machines of various capacities up to 
machines for shearing 2-in. plates and punching 
2-in. holes in 2-in. plates. The larger of the tools 
are fitted with hydraulic jib cranes, and all are 
independently driven by electric motors. There are 
also three batteries of radial drilling machines with 
15 drills having a spindle radius of 9 ft., and four 
batteries of countersinking drills each arranged to 
deal with plates 36 ft. long by 7 ft. wide at one 
setting. Other plate-working machinery consists of 
three double-headed scarphing machines, each 
served by a 4-ton hydraulic pedestal crane of 26 ft. 
radius, and two hydraulic joggling machines which 
can deal with plates } in. thick in one operation. 
There is also a hydraulic manhole punching machine 
suitable for making holes up to 42 in. by 16 in. in 
}-in. plate. For flat plate work there are two mul- 
tiple punching machines which can form at one 
stroke 18 holes up to } in. in diameter, and can deal 
with a plate 35 ft. long by 7 ft. 3in. broad. A series 
of small levers enables any punch to be individually 
thrown in or out of action for any stroke. A recent 
addition is a punching machine fitted twith a 
Lysholm traversing table made by the Norbom 
Engineering Company of Philadelphia, Pa., U.S.A. 
This arrangement, of which illustrations and a de. 


815 
scription have already appeared in our columns,* 
consists of a long frame ing @ number of wheels 


- | on its upper side on which the plate to be operated 


on is rested. The frame can travel either endwise 
or sideways, and its movements are entirely con- 
trolled by a man who sits at the centre. He 
operates the punching machine by a pedal, and can 
by himself deal with the complete punching of a 
plate up to 30 ft. by 8 ft. Other machines consist 
of a keel plate bender capable of bending plates 
35 ft. long by } in. thick, and various machines for 
working angles, channels and bull irons. 

The various plates and other parte which are dealt 
with in this main shop pass directly to the various 
slipways. As shown in Fig. 1, the path is a short 
and direct one. Additional facilities in connection 
with the handling of very heavy plate are, however, 
provided ‘by the beorys plate shop]situated at the 
landward ,end of No. 6 slipway. _ This Jshop was 
built. more 


shops, as shown in the 


machines, 
plate rolls and special rolls for ith plates 
to be built up into masts. The contains 
plate edge planers, drills and a h: bending 
machine for angles. The shipyard smithy is 255 ft. 
long by 70 ft. wide. It contains 50jfires, with 11 
pneumatic or steam hammers ranging in power 
from 3 owt. up to/30 cwt. The"steam hammers are 
run from a boiler connected to a Meldrum destructor, 
which is fired with shop and yard refuse and also 
with the sawdust and shavings collected by the 
exhaust plant from the various wood-working 
departments. As the steam is required con- 
tinuously the destructor has at times to be fired with 
a certain amount of coal when refuse runs short. 
It has proved itself capable of dealing with fuel of 
very remarkably low grade. 

Other shops concerned in the shipbuilding side 
of the works’ activities are the ship-fitters’ and the 
plumbers’ departments. The ship-fitters’ 
covers an area of 14,700 sq. ft. It is 210 ft. long 
and is served throughout its length by a 5-ton 
overhead electric crane. There are some 80 
machines in this shop, including lathes, planers, 
drilling and milling ‘machines, slotting }machines, &o. 
This shop deals with the various engineering fittings 
required in the construction of the hulls of ships, 
such as valves, bulkhead doors, ports, &o. The 
plumbers’ shop covers an area of 7,000 sq. ft. It is 
fitted with four sets of bending blocks with fires, 
and contains a machine plant consisting of 
machines, grinders, saws, &c., suitable for dealing 
with /pipes. The{shops we have now dealt with 
cover the main departments concerned with ship- 
building, although there are various other ancillary 
departments which are arranged about the main 
shops. These, which do not require detailed 
reference, cover such branches of work as rigging, 
sheet-iron working, &c. 

We may now pass to a consideration of the various 
departments which are more immediately concerned 
with the production of the machinery of 
ships as distinct from the hull. The pattern shop 
we have already mentioned, and in view of its size 
and importance we may at once refer to the main 
engine and machine shop, of which a good view is 
given in Fig. 12, on Plate L. This shop, as will 
be seen from the plan, runs parallel to the longest 
of the wharves of the fitting-out bases and close to 
the cranes to which we have already referred, these 
being available for lifting heavy machine parts 
on to vessels under construction. The shop is 
divided into three bays, of which the centre has a 
total of 1,075 ft. The width of this bay 
is 77 ft., and the height to crane-rail level is 63 ft. 
The height to the lowest part of the roof is 74 ft. 
It will be clear from these dimensions, and will be 
confirmed by Fig. 12, that this shop is an excep- 
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* See EncinecErinaG, vol, civ, page 641, 
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tionally fine one. The two side bays are each 
42 ft. 6 in. wide with a height to crane level of 
42 ft. 6 in. and to the underside of the roof of 
50 ft.4in. The north bay, as will be seen, is broken 
in the centre to allow clearance for the 150-ton 
wharf crane, while the south bay is not carried 
quite to the full length of the main bay. 

The main bay of this shop is used for erecting 
purposes and also contains most of the large machine 
tools, as will be seen from Fig. 12. It is traversed 
by one 100-ton, two 70-ton and two 20-ton elec- 
trically-driven overhead cranes, while attached to 
the columns carrying the roof and crane rails there 
are in addition ten 5-ton jib cranes of 30 ft. radius. 
The western ends of the side bays are devoted to 
engine building and machining work; the length 
of the north bay so concerned being 520 ft. and of 
the south bay 580 ft. The north bay contains most 
of the moderate-sized machine tools, while the south 
is devoted to the lighter work and contains an 
extensive plant of automatic and other machines. 
The former bay has 35-ton and 10-ton overhead 
travellers, and the latter similar appliances of 
10-ton and 3-ton capacities. A standard gauge 
railway is carried right through the main bay, while 
narrow gauge shop railways with turntables and 
cross-connections run down all three bays. Egress 
to the wharf is provided at various points in the 
length of the bays. The east end of the north bay 
is used as a coppersmiths’ shop, while the brass- 
finishing shop is situated at the corresponding end 
of the south bay. 

The heavier of the machine tools are mostly 
situated towards the west end of the centre bay, 
from which the view given in Fig. 12 is taken. As 
we are not writing a specification we need not give 
a list of this machinery equipment, but it should 
be said that some very fine tools of the larger class 
are to be seen in the shop. Among the lathes, 
which are of course equipped \for dealing in the 
main with marine turbine work, there is one of 
92 in. centres and capable of taking a job 50 ft. 
long. Another has a 40-ft. bed and 66-in. centres, 
while a third, faceplate lathe, is of 50-in. centres 
and has a bed 40 ft. long. There is also a large 
chuck lathe used for low-pressure drums which is 
capable of dealing with a job 12 ft. in diameter. 
Among the planing machines there is a wall-creeper 
with a horizontal travel of 24 ft. and a vertical 
range of 19 ft. Another similar tool has a travel 
of 21 ft. and a vertical range of 15 ft. A planing 
machine suitable for dealing with bed-plates and 
similar parts, and which has a fixed table with 
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traversing side pillars and cross-arm, is capable of 
dealing with work 30 ft. long by 20 ft. wide by 
10 ft. high. It has four tool boxes. There are 
various boring machines, one of the largest taking 
a casting 17 ft. diameter by 50 ft. long and others 
being capable of dealing with work 15 ft., 12 ft. 6 in. 
and 10 ft: in diameter respectively. There are 
various boring or tapping machines, in one of which 
the spindle has a 16-ft. horizontal travel and a 
13-ft. vertical travel, and four large radial drilling 
machines. 

The shops contain a large plant of Muir’s gear- 
cutting machines, engaged on the manufacture of 
wheels for marine reduction gears. This is a branch 
of marine work on which Messrs. Cammell Laird 
have had extensive experience. They carried out 
a very large number of installations of this class 





during the war, and with great success, and a large 
number of sets are now passing through the shops 





for use both on ships built at Birkenhead and for 
outside customers. In view of the high quality of 
the gears turned out it is interesting to note that it 
is the firm’s practice not to use the creep gear which 
is fitted to the gear-cutting machines. At the east 
end of the shop there is an installation of machines, 
of special type in most cases, for dealing with the 
manufacture of turbine blades. The machinery with 
which we have so far dealt is intended and chiefly 
employed for dealing with the main features of 
turbine work. The shops, however, contain in 
addition a large plant suitable for reciprocating 
engine parts and the various miscellaneous details 
such as governor gear, &c., which are required in 
turbine work. A considerable number of recipro- 
eating marine sets are still built, and the shop 
contains a vertical boring machine suitable for 
dealing with cylinders up to 12 ft. in diameter ; 
and a horizontal machine with a maximum height 
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of spindle of 6 ft. 6 in. and a horizontal traverse of 
8 ft, A useful tool for dealing with columns, slide 
valves, &c., is a planer with two overhead tool 
boxes and two side-cutting boxes, It can deal with 
work up to 22 ft. long by 8 ft. by 8 ft. Among 
slotting machines there is one with a 7-ft. stroke 
and capable of dealing with work 6 ft. by 6 ft., 
another of 36-in. stroke and a third of 18-in. stroke, 
and suitable for work up to 6 ft. in diameter. This 
latter is particularly suitable for work on eccentric 
straps. There are also various other planing 
machines, one taking work 8 ft. by 12 ft. and another 
5 ft. by 5 ft. 

The large installation of machin for dealing 
with smaller parts such as steam chests, valves, 
special pipe connections, &c., we cannot refer to in 
detail. We may, however, mention that for the 
machining of shafting there is a range of lathes 
extending up to 80 ft. long and 22-in. centres. An 
interesting machine which should also be mentioned 
is one for milling propeller blades. It carries four 
cutters, the movement of which is controlled by 
a spiral race. It is capable of machining propellers 
up to 12 ft. in diameter. Among other special 
purpose machines are a pair of multi-spindle drills 
for condenser tube plates. The south bay, as we 
have already mentioned, is given up to light work. 
It contains a very comprehensive collection of 
lathes, planers, slotters, shapers, keyway cutting 
machines, millers, boring and facing machines, and 
gear cutters for worm, bevel and spur gearing. A 
screw-making department is contained in this part 
of the shop, and is fitted with a collection of turret 
lathes, screwing machines and automatics. Part 
of the bay is also formed into a tool-room which is 
divided off from the other parts of the shop. It 
contains the usual assortment of precision lathes, 
milling machines, &c., and a heat-treating depart- 
ment. Before leaving this shop we should say that 
about one-third of the length of the centre bay, 
contiguous to the 150-ton crane, serves as an erection 
department. The floor is laid with reinforced 
concrete, and it is the practice to erect turbines and 
other engines and lift them bodily on to the test 
beds. For test purposes there is an installation of 
double ended marine boilers, and for testing stop 
valves there is a special high-pressure boiler. 

The east end of the south bay is shut off to form 
a brass-finishing shop. This department is always 
an important one in marine establishments, and 
in one dealing to any considerable extent with 
Admiralty contracts takes on even greater import- 
ance. The shop contains a representative collection 
of machines which we need not detail. There is an 
example of a novel machine tool, however, to which 
we would like to refer. - This is intended for slotting 
condenser-tube ferrules and was referred to in 
Mr. Hamilton Gibson’s recent paper read before 
the Institute of Marine Engineers. The description 
given was, however, somewhat brief. The machine 
was illustrated on page 700 of our issue of May 21 
last. Its essential parts consist of a pair of rotating 
discs fixed on the same spindle and close together. 
A cireular slotting saw revolves close up to the edge 
of the discs, which contain radial holes into which 
the ferrules are dropped by hand. As the ferrules 
are carried round they are moved across the track 
of the saw and slotted. This arrangement, as so 
far described, is an obvious and common one for 
slotting ferrules, screws, &c. The special and 
ingenious feature of the Cammell Laird machine is 
the method of holding the ferrules while they are 
being slotted. The radial holes in which they fit 
are made an easy fit for the ferrules so that the latter 
may be quickly inserted. One-half of each hole, 
however, is formed in a loose sliding piece dovetailed 
into one of the discs, and as the ferrules approach 
the saw the outer edges of these sliding pieces come 
in turn against a fixed cam-piece on the frame. This 
cam-piece forces the sliding-piece inward and so 
causes it to grip the ferrule and hold it tightly 
while it is being slotted. When the ferrule has 
passed the saw, the sliding-piece is free from the 
cam and the ferrule is released, and so drops out 
below. The machine is continuously running ; it is 
simply fed by a boy who puts the ferrules into the 
radial holes when they are on the top side of the disc. 
The device is very ingenious and neat. The only 
other department directly connected with the engine- 








building side of the works to which we need 
ly refer is the coppersmiths’ shop, which 
is at the cu end of the north bay. This mer 
contains 12 furnaces for working cop pipes, 
three hydraulic bending machines p Bm or of dealing 
with pipes up to 12 in. in diameter, testing plant, &c. 

We may now deal with the boiler shop, of which 
illustrations are given in Figs. 13 to 15, on Plates 
Land LI. This is a very fine building, divided 
into three bays, the main one being 500 ft. long by 
80 ft. wide, and having a height to the crane track 
of 80 ft. The west bay is 422 ft. long by 80 ft. 
wide, with a height of 35 ft., while the east bay is 
50 ft. wide and 30 ft. high. The total width of the 
building is therefore 210 ft. and the area 94,860 
sq. ft. Of our three illustrations, Figs. 13 and 14 
show the main bay and Fig. 15 the west bay, which 
is mainly given over to flanging work. The main 
bay is fitted with 70-ton, 40-ton and 10-ton over- 
head electric travellers, the west bay with one 
30-ton and two 10-ton overhead travellers and the 
east bay with one of 10 tons. Raw material enters 
the boiler shop from the north end and leaves by 
the south, either for the fitting-out berths or for 
shipment away. At the present time, in addition to 
boilers for ships being built at Birkenhead, a large 
amount of boiler work for other firms both at home 
and abroad is being carried out and the boiler shop 
is one of the busiest in the whole establishment. 
The work is now mostly on marine boilers of the 
Scotch type, as shown in our illustrations, but the 
shops are adapted for building boilers of any class, 
and corresponding photographs to those we publish, 
if taken during the war, would have shown the bays 
full of water-tube boilers. The machinery through- 
out the shops is of modern type and the whole plant 
forms a most excellent example of a present-day 
boiler-making equipment. 

As this description of Messrs. Cammell Laird’s 
establishment has already extended to considerable 
length we will make no attempt to give a detailed 
description of the machine tool equipment of the 
boiler shop. We may, however, refer to some of 
the larger tools as, for instance, the plate-edge 
planing machine, which can be seen to the left in 
Fig. 13. This is capable of dealing with a plate 
40 ft. long. The plate is clamped by a series of 
hydraulic cylinders. To the right of this figure, 
but hardly so well shown, there are a set of vertical 
rolls for forming the outer plates for cylindrical 
boilers. It is capable of dealing with plates 40 ft. 
long, 13 ft. wide and 1{ in. thick. The flanging 
bay contains a series of hydraulic presses of which 
the largest is able to deal with plates 34 in. thick. 
Tt has three vertical rams, two acting on the plate 
from above and one from below. A 5-ton jib crane 
is provided above the machine. 

Before passing on to deal with the power-supply 
arrangements and some other of the general features 
of the works, there are one or two other shops to 
which we should make reference. One of these is 
the marine oil-engine department illustrated in 
Fig. 16 on Plate LL This shop is situated in the 
north part of the yard, and is lettered “‘ Submarine 
Engine Shop” in our plan. This name, which the 
shop still carries, indicates the type of service on 
which it was engaged during the war. The shop 
is now devoted to the construction of the Cammel- 
laird-Fullagar marine oil engine, and two sets of 
the type are to be seen in the foreground, in Fig. 16. 
We need not enter into details of the construction 
of this engine, since we published a full description 
of it in our issue of January 30 last.. The develop- 
ment of this engine illustrates the fact that the firm 
of Cammell Laird has not lost the pioneering instinct 
which has caused its name to be closely associated 
with so many important advances in the past. This 
is further illustrated by the fact that the first engine 
of this type has been fitted to the all-welded ship 
Fullagar, which was launched by Messrs. Cammell 
Laird last February. The ship has since carried out 
very successful trials. She has been in every way 
satisfactory, but is naturally in the nature of an 
experiment, and is intended more to illustrate and 
determine what can be done with electric welding in 
ship construction than to suggest that the method 
is at all points superior to riveting. Of our figures 
illustrating the shops the only one now remaining ° a 
for mention is Fig. 17, on Plate Ll, which is a view | 2,000-kw. Westinghouse three-phase set running at 


in the foundry. This shop has an area of 15,900 
aq. ft., and is capable of dealing with castings up 
to 3 tons weight. There are three overhead 
travellers of 10 tons capacity. The shop is equipped 
with 22 crucible furnaces, drying ovens, grinding 
and mixing mills, &c. 

The whole of the power supply for the shipyard 
and engine works is obtained from two generating 
stations, one of which is situated close to the stock- 
yard and the other, and newer, station alongside 
the foundry. No power is purchased from outside. 
The original station was entirely equipped with gas 
engines supplied from a Mond plant with washers 
and scrubbers, and was built at the time the Tran- 
mere estate was developed and the old yard was 
extended. The producers also supplied gas to the 
furnaces in the platers’ and other shops. This gas 
station was of considerable interest. Prior to 
the war the plant consisted of four 10-ft. Mond 
recovery-type producers with washers and a gas- 
holder. Gas was supplied direct from the holder 
to two angle furnaces and two plate furnaces. For 
the engines the gas was further cleaned by fans 
and passed through scrubbers filled with wood waste. 
The gas engines driving electric generators were 
10 in number, varying in size from 140 kw. to 
500 kw. Five were of the horizontal type and 
five were multi-cylinder vertical. The total capacity 
was 2,500 kw. There were also five gas-engine 
driven air-compressor sets of a total capacity of 
6,600 cub. ft., of free air per minute at 100 lb. per 
square inch gauge, and four hydraulic sets, two 
driven by electric motors and two by gas engines. 
The total capacity was 240 gallons a minute at 
1,500 lb. per squareinch. Auxiliary plant included 
two electrically-driven starting compressors, each 
delivering 65 cub. ft. of free air per minute at 
300 Ib. per square inch, cooling towers for the 
washing water and jacket water, &c. 

This interesting gas station has done good service 
in the past, but, as will be evident, the large number 
of comparatively small gas-driven units las resulted 
in a considerable maintenance charge. There has 
also been difficulty at times during the war in 
obtaining suitable fuel for the producers. These 
conditions combined with a growing demand for 
power have resulted in a decision to shut the gas 
station down altogether and to transfer all power 
generation to the new turbine station to which we 
have already referred. The gas station is now 
being dismantled. An annexe has been built along- 
side it, and fitted with two 1,000-kw. rotary con- 
verters, which are supplied with three-phase current 
at 3,300 volts from the turbine station. These 
converters supplying direct current from approxi- 
mately the same point as the old gas station, feéd 
into the existing network and do not involve change 
in the distributing system. The hydraulic plant 
in the old station is being retained, but is being 
converted to electric drive through single reduction, 
double-helical gearing. New electrically-driven 
compressor sets have been installed as follows: 
Two sets of 3,000 cub. ft. capacity each driven 
by 605 brake horse-power, 3,300-volt three-phase 
motors, and four sets of 1,500 cub. ft. capacity 
driven by 300 brake horse-power, 440-volt direct- 
current motors. These various sets are now 
distributed in four compressor houses situated near 
the slipways and fitting-out basin, as shown in Fig. 1. 
Of the old gas plant two producers are being trans- 
ferred to a point near the furnaces in the platers’ 
shop, which will be supplied with hot unwashed gas 
direct. In connection with the working of the 
old gas plant it may be mentioned that one of the 
difficulties experienced has been the disposal of the 
thick tar recovered from the washing plant. This 
was finally utilised by burning with a patented 
burner in a boiler which supplied steam for the 
ae blowers and for saturating the producer 

ast. 

The new turbine power station is a good example of 
a modern power plant, and has been planned with 
much care to avoid complexity and facilitate 
It contains a 3,000-kw., 3,300-volt, 50- period three- 
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THE BIRKENHEAD SHIPYARD AND WORKS; MESSRS. CAMMELL LAIRD AND CO., LTD. 


Fig .18. 


ute 





















































ee 









































eg. 

Olt Ll amex - 

al) (RS | 
Aa | 
: “oH 1 | Res 
3 Ts F, i 

















3,000{r.p.m., with superheat of 550 deg. F., and the 
vacuum as’above, and a Westinghouse 1,000-kw. 
direct-coupled direct-current radial commutator set, 
running at 240 r.p.m., and generating at 440 volts. 
‘Lhe generator consists of two machines in tandem. 
The station also contains a 1,000-kw. con- 
verter. There are two Babcock and Wilcox boilers, 
of 5,380 sq. ft. heating surface. They are fitted 
with Bennis forced draught chain-grate stokers, of 
96 sq.. ft. grate area. Both forced and induced- 
draught fans are fitted. Each boiler has a super- 
heater of 1,864 sq. ft. and there are two economisers 
of 160 tubes, The coal and ash handling arrange- 
ments are of interest, and are well shown in Fig. 18, 
which is a cross-sectional view of the station. The 
boiler plant is of course relatively small compared 
with many power stations and no very elaborate 
coal and ash-handling appliances would have been 
justified, As will be seen from our figure, however, 
with no great expenditure a very efficient and 


labour-saving arrangement has been obtained. |, 


Low-level bunkers are filled by tipping direct from 
the wagon and from these bunkers the coal is fed by 
Bennis elevators to overhead bins. There is one 
elevator to each boiler. The firing floor is set 
15 ft. above the basement and clinker is dumped 
direct into sheet-iron lined wagons in the basement 
and quenched by salt water sprays fed direct from 
the general salt water system of the works. The 
clinker, after the loading of the wagon, is, of course, 
at once ready for hauling away to the spoil bank 
or elsewhere without any handling. The station also 
contains three Lancashire boilers, 30 ft. by 9 ft. and 
two 30 ft. by 8 ft. 6in. These boilers are fitted 
with Bennis sprinkler stokers, and a set of econo- 
misers of 480 tubes. Boiler feed is by Weir turbo- 
pumps, with a Weir reciprocating pump as a 
standby. The feed is measured by Lea recorders, 
A view of the turbine room is given in Fig. 19, 
on the present page. 

The only other features of this interesting works 
to which we are now able to refer are the various 
arrangements in connection with the distribution 
of power throughout the yard and shops. The elec- 
tric supply arrangements will be fairly obvious from 
what we have already said about the power stations. 
Generation is both at 3,300-volts three-phase and 
440-volts direct current. Much of the high-tension 
energy is transformed to direct current}by the 
rotary converters at the power stations, but in 
several cases the three-phase current is used direct 
by motors. This applies for instance to some of the 


Fig. 18. Cross-Szcrion or New Powzer SrarTion. 





air-compressor units to which we have already 
referred. The new pumps for emptying the older 
graving docks are also driven by similar motors, 
as is a motor-generator set which has been installed 
for electric welding. This is of 100-kw. capacity and 
consist of a 150 brake horse-power, 3,300-volt three- 
phase induction motor coupled to a 110-volt com- 
pound wound direct-current generator. It is 
situated in a special electric welding shop which 





has been arranged in one of the machine shops in 
the north part of the yard. 

The compressed-air mains are carried,to almost 
every shop and slipway in the works. The mains 
are as far as possible fixed on the sides of buildings, 
and where they have had to be run in the ground 
are arranged in brick culverts, with cover plates to 









































Fie. 19. View in TuRBINE Room. 


allow of easy access. Local service to ships under 
construction on slipways is from standpipes and 
1 in. diameter flexibles to small portable receivers, 
each with connections for from six to eight }-in. 
hoses. A similar arrangement is used for ships 
fitting-out in the wet basin, except that the suppiy is 
taken on board by 2 in. diameter flexible pipes from 
bunches of 2-in. cocks arranged in recesses in the 
quay walls. Great improvement in reducing leakage 
at flexible connections has been made by adopting a 
union with an enlarged knurled portion which can 
be tightened by hand without using any tool. The 
union contains a leather washer which is secured 
automatically against loss when a connection is being 
changed. 

ar arrangements we need not refer to 
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in detail. The pumping plant is concentrated in the 
old power station, and the mains are run to the 
various shops or about the yard as required. 
Hydraulic mains are carried the full length of all the 
slipways. 1n addition to these various distribution 
systems there is a complete salt-water service 
throughout the works. This has been installed 
owing to the fact that no fresh water supply is 
available other than from the town mains at a some- 
what high price. Fresh water is, in general, used 
only for domestic purposes, and boiler feeding. 
All cooling work, testing, flushing and other such 
service is connected to the salt-water supply. The 
salt-water service is drawn from the wet basin 
by four electrically-driven centrifugal pumps, each 
delivering 600 gallons a minute at 60 Ib. per square 
inch, and installed in two pump-houses, one at the 
head of No. 6 graving dock and the other on the 
wharf close to the 150-ton crane. 





THE INSTITUTION OF GAS ENGINEERS. 
(Concluded from page 788.) 

Tux proceedings of the third and concluding day 
of the annual meeting were opened on June 3, by the 
despatch of a loyal birthday message to the King, to 
which a gracious reply was subsequently received. 

A symposium on “ Carbonisation,” prepared, on 
the invitation of the Institution, by the Society of 
British Gas Industries, was mted in abstract by 
Mr. Samuel Cutler, Junr., chairman of the Society’s 
Council. It consisted of a brochure of some 60 pages, 
accompanied by 33 plates, describing the construc- 
tional features of various systems of carbonisation 
by horizontal retorts, inclined ined chambers, intermittent 
verticals, semi-continuous verticals, continuous-inter- 
mittent verticals, and continugus verticals. Charging 
and discharging machinery were also dealt with. In 
the discussion, Dr. R. Lessing referred to the Riter- 
Conley system, adopted in America, in which the 
settings were not of the usual arched type, but set up 
by silica shapes, 16 retorts being incorporated in one 
setting. Mr. W. G. 8. Cranmer spoke of his experience 
with the Congdon standpipe ; his idea had been to do 
away with all ironwork on the top of the retort bench, 
make the pipe a descension pipe, and get the gas in 
a duct at the stage floor, but it was not entirely success- 
ful. Mr. F. W. J. Belton said he had made some 
calculations with regard to the amount of heat that 
had been available in the waste gases, as a result of 
which he had installed a Bonecourt boiler. It had 
been at work for about two months and had given an 
evaporation at 100 Ib. pressyre of 500 Ib. of steam per 
hour, twice as much as was required for the steaming 
of the retorts. Mr. T. Goulden commented on the 
absence of any reference in the paper to the De Brouwer 
system, which was very effective in its working. As to 
vertical retorts they were most useful, and he could not 
help feeling that gas ys ore, must be driven to them 
for two reasons—the a ce of nuisance, and labour 
saving. Mr. W. M. Valon, Dr. Parker and Mr. J. H. 
Canning spoke on the question of waste-heat boilers. 
The latter had been rather surprised on taking the 
temperature at the base of the stack on the horizontal 
settings at all periods to find that the waste gases 
seldom reached the temperature of boiling water; it 
would seem that the possibility of raising steam by 
the waste heat depended upon the allowing of a certain 
amount of heat to pass to waste. Dr. E. W. Smith 
said at Birmingham Mr. J. Foster had four boilers 
working on waste gases of temperatures between 
600 deg. and 700 deg. C., which evaporated from 
8,000 Ib. to 10,000 lb. per hour, giving all the steam 
necessary for normal steaming. 

The next paper was on “ O m in Gas Production,” 
by Mr. H. J. Hodsman, M.B.E., M.Sc., F.1.C., lecturer 
on Gas Chemistry in the University of Leeds, and 
Professor J. W. Cobb, O.B.E., B.Sc., F.LC. It was 
summarised by Professor Cobb, and consisted of an 
examination of a method of generating the heat for 
carbonisation by the use of a regulated supply of 
ir Assuming for the moment that oxygen was 
available in practice for the purpose, it was clear that 
certain difficulties in the way of continuous gasification 
of the coke residue by the combination of the well- 
known reactions, did not arise. Furthermore, when 
blown with a mixture of oxygen and steam, the coke 
would be converted into gas with a small expenditure 
of heat, while the sensible heat of the water gas could 
be used for carbonising the coal. The complete 
gasification of coal might then be attained with 
maximum thermal efficiency. The commercial feasi- 
bility of the method depended upon the cost of oxygen, 
and there were gro for believing that such cost 
would not eventually be an obstacle in i 
processes. In comparing the process with 
carbonisation and gasification practice using air, it 





must be remembered that, apart from the saving of fuel, | 33,3801. The charges for current were for 
yor ten ety se oe rape crn tagee bey way! and all domestic purposes, 7d. per 
reduced both absolutely and relatively to the tonnage | 100 units and 
of coal treated; for the speed of carbonisation by | the scale 
internal heat should exceed that of normal practice. 
In the discussion the president pointed out, in regard 
to efficiency, there was no doubt whatever that a t 
for total gasification of coal could be worked quite 
easily with oxygen and steam at an efficiency of at least 
90 eae ae ee baw y apes 5 a | 
could be 0 ined in the form of gas delivered by the 
appusves. He also referred to the production of 
ium and thorium, and considered that gas engineers 
should seriously study the suggestions put forward 
in the paper, which he thought was quite an epoch- 
making one. Other speakers in the discussion— 
Mr. T. Goulden, Mr. J. P. Leather, Mr. Thomas Glover, 
and Mr. J. H. Pye, dwelt on the question of the present 
hibitive cost of production of the oxygen; Dr. 
Landes alluded to the function of the steam in sweeping 
out the retort; and Mr. W. Townsend asked whether 
the authors had considered the possibility of making 
the oxygen gas on a large scale and distributing it 
to those gas works requiring it; if that were possible 
a many objections would be removed. Professor 
Cobb, in his reply, said he had no intention whatever of 
attempting to give figures of the capital expenditure 
necessary. So far as one could see, the cost of pro- 
duction of oxygen was going to be very much lessened 
as the scale of operation increased, and that all tended | thanks 
towards the establishment of central plants of con- 
siderable size for the supply of oxygen. 


Mr. Godfrey Warburton, F.C.S8., of Tottenham, 
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then read a r entitled “ Contemplations on the ineers for their kindness in ting the use; of 
Report of the Fuel Research Board.” Notwithstanding | their building for the purposes of ape hyd 

the apparent freedom allowed gas undertakings in 

being able to choose what standard number of British 

thermal units should be adopted for the gas to be] “Tue Sunrmven Worxs Macazine.”—We have 
supplied, the author stated that the crucial factor ppesiveds foPy of this new Saree for June, which 
ap to be the limitation of inert constituents to] Ti ited. Shrowel or Wi Works (1920 

15 per cent. The report did not give any indication - - @vee tnformetion w 


as to what constitinted inerts. Did the Board consider 7fo the spemberp of the company’s 


that oxygen and nitrogen in the proportions to form air 
were inert constituents ? All combustible constituents 
were inert without oxygen, either by itself or mixed 
with nitrogen, as air. , or air; in the presence 
of tombustible constituents was anything but inert. 
As it had been the practice for many years amongst 
the majority of gas undertakings to add air to assist 
urification, the importance of these considerations 
Sacme manifest. The Board saw clearly the in- 
advisability of fixing one standard of British thermal 
units for the whole of the country. Then why did they 
not follow the same principle with regard to inerts ? 
In one district it might be advisable to limit inerts ; 
in another no benefit would accrue thereby. As the 
consumer was only to be charged for the actual British 
thermal units received, and the gas undertaking had 
to adjust his appliances free of c to suit the gas 
supplied, his protection appearedample. The president 
in opening the discussion thoroughly agreed with the 
author that inerts must be divided into true inerts, 
and those which were not inerts. Referring to the 
Gas Regulation Bill (which embodied the recommenda- 
tiohs of the report), it would be noticed that under- 
takings were left in the hands of the Board of Trade to a 
certain extent, but the Board need not impose any 
limits on the inerts at all. He hoped to get the wording 
more fair to the gas industry before the Bill was finally 
passed. Mr. Leather and Mr. J. Ferguson Bell (Derby) 
ke on considerations involved in the question of 
limitation of inerts ; Mr. G. M. Gill, and Mr. W. J. 


appeals more es 
staff. 


it, was 
. The report presented mentioned ations 
with the Norddeutsche Lloyd concerning as to 
the construction of ferro-concrete boats, and 
concrete and ferro-concrete on moorings. The 
committee comprises also representatives of the artificial 
stone industry. Among the papers read was one b 
E. Probst, of the testing station for building 

at Karlsruhe, on new methods of testing with — 
regard to the need of economizing in. cement and building 
materials. As regards the preservation of hydraulic 
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; r The tensile strength between 12 kg. and 15 kg. 
Smith were in favour of a low figure for inerts; Mr. quare millimetre, the elongation contraction 
A. E. Broadberry e the opinion that the real arth ting to 3 per bows or 4 ag and the 


economical figure, below which it would be sacrificing 
the consumer to endeavour to work, depended upon 
the local conditions. Mr. Warburton, in replying, 
pointed out that air had been proved by the work of 
the Institution’s Gas Investigation Committee to be 
anything but an inert, and the president had stated 
that carbon dioxide was very useful when added to 
certain gases in gas engine practice. If certain qualities 
of gas of certain compositions could be definitely 
— to certain operations, the question of inerts 
might be got rid of altogether. 

Owing to shortness of time the remaining paper 
on the programme, had to be taken as read. It was 
by Mr. Joseph Fisher, Assoc.M. Inst.C.E., of Tottenham, 
on “ Electricity Supply by Gas Companies,” and gave 
a description and results of working of the Wood Green 
electricity plant of the Tottenham District Light, Heat 
and Power Com The electric generators were 
driven by vertical high- gas engines, made by 
Messrs. E. 8. Hindley and Sons. There were two sets— 
one of 100 kw.; and one of 200 kw. ; another of 200 kw. 
was now being installed. There was a battery of 270 


hardness pene 10 deg. or 15 deg. by the 
. OF b 

are f extensive use for the casting of artificial 
lim Armen, Lug rhekas * pre frames, &o. Certain 
precautions have, however, to be observed in melting and 
me be yy | which a Felix Thomas describes 
in S und Hisen of February 26 last. The alloy is 
generally supplied in lumps of 2 kg. weight and melted in 
steel crucibles of not more than 12 litres capacity, The 
alloy melts near 630 deg. C. and should not be super- 
heated, except when the articles are very thin-walled, 
lest the melt catch fire. Such fires, which are not 
by dropping calcium alloy 
metal; the calcium makes the alloy 
tle, however, and other materials would il it, 
lum combines with both oxygen and aa 

the overheated alloy becomes hence contamina 
with oxide and nitride ; in the d reey of moisture, on 
the other hydrogen wo en ee 
explosion and the formation of blow holes in the lo 
The moulds are made of thoroughly dry sand and are 

preheated or used as they come from the yee He 
in which they are heated up to 400 deg. C. cand 
particles should carefully be a as silioon- 
rendering the alloy 


be formed 
like the oxide. The moulds and cores may be 
with bef 
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: ore drying. The cast article is out 
cells capable of 840 ee we volts, The} vith caw, cleaned. with » steel end may be 
supply was by 8 continuous current on three-| s¢ched with nitric acid (free of chlorine) if it should have 
wire system at 240 volts and 480 volts. The capital | turned grey in moist air. Elektron ean be and 
cost of the undertaking to December, 1919, was] be given 
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SIX-CYLINDER 90-B.H.P. PARAFFIN 


MARINE MOTOR. 


CONSTRUCTED BY THE PARSONS MOTOR COMPANY, LIMITED, ENGINEERS, SOUTHAMPTON. 
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Tux illustrations on this and the opposite pages show 
the general arrangement and details of some of the 
latest types of marine motors for paraffin or petrol con- 
structed by the Parsons Motor ; Limited, 
of Town Quay, Southampton. These motors are 
th standardised in design, interchangeability 
of 8 parts having been secured not only in res 
of each engine, but as far as possible throughout the 
whole range of engines, Two-cylinder sizes only are 
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employed, and with each size a series of engines is built 
containing a number of cylinders varying according 
to the power desired. The smaller series of engines 
has cylinders of 4} in. bore by 6 in. stroke, and covers 
a range of power from a single-cylinder 7 brake horse- 
power engine to a six-cylinder 42 brake horse-power 


pect | engine, the speed in all cases being 800 r.p.m. to 950 





r.p.m. for this series. The larger series has cylinders 
fin, bore by 8 in. stroke, the pewer ranging from 
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30 brake horse-power to 90 brake horse-power, at 
600 r.p.m. to 700 r.p.m. These powers are obtained 
on petrol, the rating being slightly less when paraffin 
is used as fuel. 

Figs. 1 to 3, on this page, show the design of the 
largest engine of the latter series, namely a six-cylinder 
model of 6} in. bore by 8 in. stroke, rated at 90 brake 
horse-power. As in all the Parsons engines, the 
cylinders are cast separately, and are tested to 400 lb. 
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THE PARSONS PARAFFIN MARINE MOTOR. 


CONSTRUCTED BY THE PARSONS MOTOR COMPANY, LIMITED, ENGINEERS, 
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per square inch internally, the water jackets being also 
tested to 50 Ib. per square inch, thus meeting the 
requirements of the Board of Trade and Lloyd’s 
Register. The crankshafts of all engines also conform 
to the requirements of these authorities. Most of the 
details of construction will be clear from the illustra- 
tions, but it may be noted that the crankshaft bearings 
are held in the lower half of the crank-case, the caps 
being on top of the shaft instead of beneath as is usual 
in motor-car practice. In a marine engine which is 
inaccessible from the underside, there is obviously no 
reason for adopting the less mechanical practice which 
is More convenient in the case of motor vehicles. 
Circular doors in the upper part of each crank-case on 
both sides of the engine render inspection easy, and 
permit of the removal of any piston and rod without 

i The exhaust from each set 


pg cme. Ran cylinder. 
of three cylinders passes through its own water-cooled 
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silencer, and, as usual, the vapouriser for paraffin fuel 
is located in this silencer. The whole of the vaporiser 
may be withdrawn with ease by undoing a few nuts 
on the underside of the exhaust branch. The crank- 
shaft is made from a single steel forging with bearings 
between every crank. It is drilled for lubrication and 
is flanged for carrying the flywheel. All crankshaft 
bearings have bronze shells filled with white metal, 
and a similar construction is used for the big ends of 
the connecting rods. 

Fig. 4, on this page, shows the arrangement of the 
carburettor and fuel admission devices, as well as of 
the controlling levers for the operation of the engine. 
The elutch used on the Parsons engines is illustrated 
in Figs. 5 to 8. Bolted to the outside end of the 
flywheel rim is a metal cone, with the internal face of 
which a corresponding cone which slides on the shaft, 
engages. A spring normally holds the coned faces 


—_—— 


in frictional contact, but they can be forced apart by 
a pair of forked pieces operated by the lever shown in 
Fig. 6. These forks, marked A and B in Fig. 5 are 
each thickened at one point, and the action of the lever 
is to bring the thickened parts opposite each other, 
thus forcing the sliding cone away from the fixed 
abutment C. The reversing gear employed is particu- 
larly simple, being somewhat on the lines of the head- 
stock of a lathe in so far as there is a back-gear shaft 
which is stationary during the ahead drive. It contains 
no friction clutches, small pinions or epicyelic gears. 
The external appearance of it is shown in Fig. 9, which 
represents a three-cylinder 45 brake horse-power 
marine type engine, complete with clutch and reversing 

. As this engine is virtually half of the 901 brake 
ai -power engine illustrated in the earlier figures, 
a good idea of the appearance of the larger engine will 
be obtained from the photograph. 
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EXCAVATOR FOR TRENCH DIGGING. 


In connection with a large housing scheme being 
carried out at Hayes, Mi x, an interesting trench 
excavator has been used by the general contractors, 
Messrs. Sir Robert McAlpine and Sons, for the purpose 
of digging trenches for the laying of the main drai 
system. Housing hardly comes normally within our 
sphere, but we are glad of an opportunity to refer to 
this work at Hayes. Messrs, MacAlpine have clearly 
looked on it from the point of view of engineers, as 
is evident from the employment of the digging machine 
with which we are concerned in this article. It is to 
be hoped that the housing cme § may be tackled 
in many places in the same wholesale way in which it 
is being dealt with at Hayes, A large scheme ad- 
mitting the employment of modern labour-saving 
machinery on an adequate scale should very easil 
compete with the | pesos in penny numbers which 
are in operation all over the country. 

The trench excavator, of which various illustra- 
tions will be found on page 828, has been manufactured 
by the Bucyrus Company of South Milwaukee, Wis., 
U.8.A., and Iddesleigh House, Caxton-street, 8.W. 1, 
whose agents are Messrs. G. F. West and Co., of the 
same London address. The general appearance of 
the machine is well shown in Fig. 1. The main 
carriage carries a ladder chain digger at its rear end, 
which can be lifted to clear the ground for road travel, 
or lowered to any depth within the working limit 
to allow any depth of trench to be made. A trench 
up to a maximum depth of 17 ft. can be dug. The 
machine is traversed by two caterpillar drives and the 
front end is supported by a pair of broad-tyred road 
wheels as shown in the figure. The traction drive 
takes place wholly through the caterpillars. The 
traction gear and the digging chain are driven by 
a horizontal engine having cylinders 8 in. diameter by 
12 in. stroke. A second independent engine having 
cylinders 4} in. by 5 in. drives a conveyor by which 
the spoil lifted by the ladder digger is delivered at one 
side of the machine or the other. Steam is supplied 
from a locomotive type boiler 10 ft. long by 2 ft. 4 in. 
in diameter, mounted in the front of the main carriage. 
The overall length of the machine, without the digger 
ladder, is 33 ft., and with the ladder in the raised posi- 
tion for-travelling, 53 ft. 5 in. The width overall is 
10 ft. 6 in. and over the caterpillars 10 ft., and the 
height to the top of the shelter roof is 15 ft. The 
approximate working weight of the whole machine 
is 384 short tons. 

A view showing the main engine and the drive to 
the caterpillars is given in Fig. 2. The drive from 
this engine to the di i 
no sprockets or c 
engine, through straight 
wheel on @ jack shaft as show in 
shaft carries crank discs: at 
the drive is taken oy built-up 
to the bucket-chain » as clearly shown in 
Fig. 1. The drive to the gear is also taken 
_— the! discs phen ag Fe shaft. sh 

to a lenget in . 2a 
necting rod 
lever. This is connected the age thro 

gearing. The coven e the jack obvio 
causing the roc! 
an intermittent 
This results in the chain buckets 
the treneh face which 
steps or bites. 
_ traverse the machine 
It drives through a 
a travel in one direction, but a series of steps, 
le es ek eeu 
uw reversing being: got’ by reversing engine. 
Steering is carried out with the front wheels, and 
if the machine is excavating on soft ground it can 
very easily be run on planks or sleepers. 

The buckets of the digger chain are of the open or 
scraper type, consisting essentially of flat plates with 
cutting teeth on one edge. They are connected to the 
chain by means of pivoted steel arms. The buckets 
drag along the face which is being cut, and the spoil 
piles on the top of them. At the top of the chain 
as the buckets pass round the "PI r tumbler to begin 
their return journey, the spoil fits off on to a cross 
belt-conveyor which forms part of the machine. The 
motion of the bucket round the tumbler is such that 
even sticky and adherent material is easily thrown 
off and is not carried forward by the bucket to fall 
back into the trench. The cross belt-conveyor delivers 
the spoil at either side of the excavation, depending 
upon which way it is running. As we have said, 
it is driven by a separate engine from the chain digger, 
and the direction of motion of the conveyor is reversed 
_by reversing the engine. The distance to which the 

, spoil is thrown on either side of the-machine is con- 
trolled by controlling the of the conveyor engi 
It may be 


engine. 
dumped ‘close alongside the trench if it is 


required for refilling, or may be thrown to 
tanee, An extension to the conveyor may n 
if desired, and used for moving the spoil still further 


away, or for loading dump cars. This extension con- I 


veyor is shown in process of adjustment in Fig. 3. 

The machine which we saw working at Hayes was 
digging in a fairly light gravelly clay and produced 
a very clean and uniform trench with quite vertical 
walls. The trench was 7ft. deep by 3 ft. wide, and a 
speed ot cutting of 150 ft. per hour, including stops, 
was obtained. The conditions, however, were not such 
as to enable the machine to achieve its best output, 
as it was not able to obtain a straight run for more 
than a day or so. A part of the trench produced at 
Hayes can be seen in Fig. 3. As we have already said 
the machine is capable of digging up to 17 ft. deep. 
It is also a to take standard buckets for digging 
trenches 6 ft., 5 ft., 4 ft., 3 ft., and 2 ft. wide. The 
digging speed is given by the makers at from 20 ft. 
to 275 ft. per hour, depending on the size of trench 
and the material being operated on. The machine 
appeared a very robust and straightforward one with 
little in it to go wrong, and it dealt with the spare | 
clay at Hayes with t ease. The road speed wit 
the ladder raised is -quarters of a mile an hour. 





LABOUR'S POSITION IN INDUSTRY.* 
By Sir Arruur Duckuaym, K.C.B. 


I nave chosen this subject for my address to you 
because the situation in the industrial world is without 
precedent, and, being entirely artificial, cannot continue 
or form the basis of an economic and human settlement 
of our industrial problems. We all realise the difficulties 
and dangers of the present state of things. We can 
readily point out how impossible the industrial position 
is becoming, and from our personal experiences give 
instances to prove our contentions. But I, for one, 
had not until now sat down to consider how industry 
can be put on a proper basis—that is, a basis which 
attempts properly to apportion the benefits derived 
from industry between the brain worker, the manual 
worker, the consumer, and the capital employed. I lay 
before you my thoughts, and shall much appreciate your 
criticism. 

Why is the industrial position becoming impossible ? 
There is one fundamental reason. The majority of 
people—financiers, employers, employees—are out to 
get as much money as possible, while expending the least 
effort to get it. ealth is the product of work by brain 
or hand. Money is the measure of wealth. Anyone, 
from millionaire to the poorest workman, who obtains 
wealth without truly earning it, either raises the price 
of the ity, impoverishes someone else, or lowers 
the value of the currency. 

To-day the 





i ituati is fictitious. By 
taxation, by loans, by mem d means in their power, 
Governments have realised their assets, and called in 
their countries’ wealth to meet the rapacious demands of 
war. These colossal sums have been spent—let loose 
as it were the myriads of mankind and each of 


us, according to power, and assisted by demand far 
exceeding , is endeavouring to acquire and hold 
as much of y as possible—the financier by the 


power of his money, the merchant by his control of the 
market, the workman by the strength of his union. 

In endeavouring to veal the existing state of industry, 
to set out an ideal, and to make practical proposals for 
advancement from the present to the ideal, so many 
problems arise and so many pertinent faets become 
apparent that it is not possible to include them all in the 
scope of an address. I can cep put before you 
a few salient points on the ur ition in industry. 
What briefly are our in in 
to-day ? 
Higher 


wage 
ser chadecinat htehae sance of age Wie teieoes omar eahaie 
claiming hi rates of pay. miners are asking 
for an advance in wages because the price of coal has 
been increased. The railwaymen give as a reason for 
their that the dockers have obtained a flat-rate 
of 16%. per day. Trade unions in general claim that the 
employee should, by increased wages, be given a larger 
share in the profits earned by industry. age increases 
are not granted or won on 4 nafional basis, or with any 
consideration of the general industrial position of the 
other workers, but sectionally, district by district, union 
by union. The building operatives in the Liverpool area 
force a local advance of 4d. an hour (2s. to 2s. 4d.). 
Immediately a demand is made in other large towns for 
3s. Men will not work in Manchester at 2s. while wages 
for similar work in Liverpool are 2s. 4d. Labourers in 
one industrial section are earning more than the 
mechanics in another industrial section; and yet both 
may be employed in the same works or on the same job. 
Similarly, the hours of work for diftering classes of men 
may vary on the same job—44 hours for bricklayers, 
47 hours for engineers. Some may work overtime ; 
others not. Some overtime is paid for at 1} ordinary 
«Working hours have been propetly Weilliail”° ltihiee 
orking-hours have been properly ; 

wages have been properly paid to meet the higher cost 
of living ; but the chief argument of the Labour Party, 
that shorter hours would mean a higher output per hour, 
has been entirely refuted. The output per man per 
hour, instead of increasing, has decreased amazingly. 


* Presidential Address read bef the Society of 
British Gas Industries, at their annual meeting at 
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though the time curtailed has usually been those 
uctive ‘pre-breakfast hours. I was able to make 
iy comparison in output between 1914and 1919; and 
und that the output per man-hour in 1919 was about 
r cent: of the 1914 figure. I believe to-day that 
gs are still worse, and that the output would be 
found to be not more than 60 per cent. of the 1914 


The general labour view is that capital has exploited 
labour, and that the interests of Capital and Labour 
must always be opposed. Unions and federations of 
labour have as their first object the fighting of what 
they term capital interests. The general industrial 
prosperity of the country is not considered. Has labour 
justification for the line it has taken up? I think so. 

ployers have looked on labour as an instrument 
for increasing their profits. The greater the production 
obtained for the money laid out in wages, the greater the 
benefit to the employer or the owner of capital. Labour 
has been exploited, and the problem of the worker as a 
human being a from that as @ producer has not been 
pres Agee red. Just as the efficiency of a machi 

studied and improved by attention to lubrication, 
running conditions, economic speed of working, &c., 
so have the conditions of workers been studied in order 
to obtain more efficient working, and a higher return on 
the wages expended and the capital invested. 

To-day the Controller of an industrial undertaking is 
=e » a maelstrom of difficulties. The pressing 
demands of the consumer, the difficulty of getting raw 
material, the ever impending and irresponsible demands 
of labour, the crippling effect of industrial taxation, the 
almost helpless position of transport, the irksomeness of 
Government control, and the resultant uneconomic price 
of the commodity produced, make him almost despair of 
= through and getting industry on to a proper 

ing. 

These are a few of the industrial difficulties existing. 
How can they be met and overcome? I have tried 
to free myself from all prejudices, and to consider what 
the ideals should be for each interest concerned in 
industry, bearing always in mind that the commercial 
wen amen | of the country must be safeguarded and 
improved. 

As a worker, my ideal would be: (a) To be treated 
as @ human being and not as a machine; (b) to have 
to work for such hours, and to such a degree, that I have 
leisure time for home life, recreation, &c., and sufficient 
energy at the close of my work to enjoy it ; (c) to receive 
®@ proper return for the actual work I do, and to receive 
my proportion of the benefit earned by the co-ordinated 
effort of all interests concerned ; (d) to have an oppor- 
tunity of advancing and bettering my position, and not 
to be restricted to the same scale of output as my less 
keen or skilful fellow-worker; (e) to know for what 
P I am working, and to have some voice in the 
control of my working conditions and the undertaking 
in which I am employed ; (f) to > able = proper 
provision —— unemployment for myself, and against 
sickness and old age for my wife and myself; (g) to be 
able to bring up my family properly, in order that they 
may be better citizens than their mts; (hk) to have 
as a@ market as possible for my labour. 

As an employer (apart from a capitalist) my ideal 
would be: (a) To turn out a good and ever-improving 
commodity at an economic price, in order to satisfy 

and in demand ; (b) to be free of all 
labour troubles, and to know [I had the full co-operation 
of all concerned in my undertaking; (c) to able 
to obtain the advice and assistance of my employees ; 
(d) to be able to show at the end of the year an in- 
creasingly prosperous business, benefit to all concerned, 
and @ reduction of dead charges in proportion to the 








output. 

As @ capitalist or provider of money pure and simple, 
my ideal would be: (a) To ensure that my capital, which 
represents my savings out of earnings, is safe; (b) to 
ensure that I am receiving a proper return on it, com- 
be to any risk I may be running by investing 
After formulating these ideals I felt “‘real good’’ as 
the Americans say ; and it was a horrible wrench to come 
back from an idealist’s dream to the hard facts of to-day, 
and to try and indicate some of the steps which might 
be taken to reach these ideals. 

The fundamental reed is to arrive at some scheme by 
which the interests of all parties concerned in industry 
are co-ordinated, and made dependent on the effort of all 
jointly and individually. I see no future possible for 
industry under the present system of opposing camps of 
workers’ unions and employers’ federations, recruited and 
disciplined for the sole p of fighting each other for 
the wealth created by industry, with the Government 
standing by as an arbiter ready to step in when it becomes 
a that the general well-being of the State is 
en ono action of the Government taking the 
form of some palliative or cent to stop the process of 
annihilation temporarily. see no sound future for 
industry founded on the proposals of the trade unions 
and socialists. Nationalise tion, syndicalism, guild 
socialism, all are open to one fundamental objection. 
Human nature must be changed before such schemes can 
prove successful. Unselfishness will have to be the 
attribute of the many, instead of the eccentricity of the 
few. 

I believe Home Rule for industry is the only solution 
Industry must control industry. is of any 
successful scheme must be that the self-interest of eac 


securing " 
following as a brief outline of the steps which might be 
tales te sonlgwe thle ond. 

The Government should call a council of re nta- 
tives of employers’ federations and workers’ unions. 
This council should first be asked to accept the principle 
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of erga, Fat a Parliament of Industry, composed of the 
duly elec representatives of the various interests. 
The principle being approved, the next step would be 
to agree as to the size, method of election, &c., of the new 
body. The work of the first council would then be 
concluded, and the Government would cause the first 
Industrial Parliament to be elected. 

The first work of the elected body would be to agree 
how the chairman or chairmen should be a ted, 
to lay down procedure, and to decide the immediate scope 
of the Parliament’s work and authority. The authority 
of the Industrial Parliament should be as wide as possible, 
provided the well-being of the State is not endangered, 
and provided the liberty of the individual is safeguarded. 
To obtain a truly representative body, all workers and 
all employers must be brought within the fold of unions 
of workers or federations of employers, and the ballot 
must be secret. The size of the Industrial Parliament 
must not be unwieldy, and, though it would be necessary 
to sit practically continuously in the earlier days, the 
sittings should later be so arranged as to allow members 
time to keep in touch with their industry and to follow 
their own avocations. 

The problems that would have to be tackled imme- 
diately would include the following :— 

A. The Problem of the Vicious Oircle.—Higher wages 
are demanded to meet the higher cost of living. Higher 


wages being granted, the cost of uction and the 
price of commodities is increased. It is generally agreed 
that wages should increase in to the cost of 


livi At present the increases are only obtained by 
industeiall ure and the threat of strikes. My 
solution of this problem is that all workers should receive 
a subsistence rate as well as a wage. The subsistence 
rate should eee to the cost of providing the 
necessities of life to a worker and (say) three dependents. 
This rate should be fixed for areas in ce with 
the cost of living in such areas; and it should vary 
automatically with the statistical returns of the cost 
of living—variations in the rate being made, say, every 
three months. The subsistence rates should be the same 
for each class of workers in the area. In addition to the 


subsistence rates, all workers would receive a wage rate ; | be 


and this gvage rate would vary in accordance with the 
grade and skill of the worker. All workers of the same 
class would receive the standard hourly rate in 
whatever industry or part of the country they might be 
coo Thus a blacksmith ing in London, Luton 
or the Land’s End, whether in a shipyard, gas works, 
or builder’s yard, would the same wage hour ; 
his subsistence rate y varying. The dustrial 
Parliament, or a specially appoin committee, would 
settle the grades under which the various workers would 
come. : 

B. The Problem of How to Give the Workers a Definite 
Voice in the Control of Industry.—To solve this I would 
suggest that works committees be set up, with definite 
responsibilities. The method of election and other 
details would have to be settled in each case ; but, from 
my experience, representatives of the different grades of 
workers, the staff, and the management should be 
elected by ballot or appropriately appointed. Works’ 
conditions, improved methods, distribution of benefits, 
safety and welfare, &c., should be dealt with by this 
committee. Recommendations affecting the neral 
pony. of the industry would have to be submitted to the 

oard of directors for approval. 

C. The Problem of How to give all Interests a Voice in 
the Direction Ss Industrial Concern, Capital Manage- 
ment and the Manual Worker.—The worker’s capital is 
his power of production ; and it must be recognised that 
he invests this in industry when he is employed in it. 
It is certainly advantageous to have the benefit of the 
knowledge and experience of the actual worker on a 
board of directors ; and it is right that the worker should 
have knowledge of how an industry is conducted and a 
say how it should be run. I therefore suggest that the 
workmen should have a representative or representatives 
on the board of directors. The member of staff or 
workmen directors would have to be settled individually 
in each industria] unit. They would have to be elected 
by ballot and approved in general meeting as is the usual 
practice. Pro as cdeaied works committees, together 
with staff and workmen directors, would do much to 
eradicate the feelings of mistrust and suspicion that exist 
to-day between employers and employees. 

D. The Problem of Dealing with Trade Disputes.— 
The main lines on which lusey is to be run would 
be laid down by the Industrial Parliament. 
ties arising in the various units would be settled by the 
works committee and boards of directors. But no local 
ruling which would affect district, sectional, or national 
policy must be put into force unless it is referred to the 
local, sectional, or national body as the case may be. 
The various industrial bodies, local and district, would be 
built-up on the lines of the Whitley Councils, and existing 
machinery would be used as far as possible, 

E. How can Benefits be Shared /—As already pointed 
out, the worker would be entitled to receive a subsistence 
rate, varying with the cost of living in the district in 
which he works, and a standard wage fixed in accordance 
with his grade or skill. This wage can and should be 
augmented by a system of payment by results. Piece- 
work rates, premium bonuses, tonnage rates, are all 
methods which suit varying industries ; and the council 
of an industry should first consider the most suitable 
methods of rewarding skill and application as applied in 
® special industry, and then the works committee should 
be left to select or modify the system, and render it 
suitable to their individual case. Such benefits wauld 
accrue weekly, and would be 4 definite wage; the 
worker always being safeguarded by the standard 
minimum. 

F. The Problem of How the Benefits earned by the 
Industry in General over the Yearly or Half- Yearly Period 


The difficul- the 





are to be Divided among the Interests Concerned.—It is 
not possible to lay down a sound and workable scheme 
of profit-sharing which is applicable to all and every 
industry. Conditions vary so widely that only the 
general lines can be attempted here. The first charge on 
industry is the weekly or monthly payment to the 
worker. The worker invests his capital—that is his 
potential value as a producer in business—and 
receives a return or dividend in the form of wages. 
Next the capitalist, large and small, invests his money ; 
and the next call on the earnings would, therefore, be a 
return on this capital commensurate with the risk being 
ran. The proportions in which any surplus remaining 
(after these two calls have been met) is to be divided 
would depend entirely on the individual undertaking. 
But it must be laid down that these benefits are to be 
paid over direct to the interests concerned, and they 
must belong to, and their use and division be controlled 
entirely by, the individual interest. Thus the workers 
would have their benefit committee, which would receive 
the moneys after the declaration of bonus or benefits, 
and oun: decide for instance whether all the moneys 
received should be divided. among the workers in pro- 

rtion to the wages earned or whether only part should 
Be so divided and the remainder put to reserve for 
paying sick benefits, providing extra holiday pay, 
contributions to their unions, and so on. 

G. Unemployment.—Unemployment insurance is & 
necessity for the success of any general scheme of payment 
by results. No worker can be expected to make special 
eftorts for production unless he feels sure that such 
efforts will not result in his or his fellow-workers’ services 
no | being required because of over-production. 
The problem of unem mt benefit is far too big to 
consider in an address. The ce of casual labour, 
and the movement of workers from one works or industry 
to another, prevent any scheme being localised. Any 
scheme must be national; but it certainly should be 
controlled by industry as a whole. The responsibility 
of the prevention of shirking should be the special care 
of the workers themselves. 

I fully appreciate the many voids that will have to 

filled in in the proposals I have submitted, and the 
many difficulties that will have to be met and overcome. 
From my personal experience in industry, however, 
I am convinced that a scheme somewhat on the lines 
sketched above is the only solution of our industrial 
troubles. In considering the question, many problems 
as I have indicated must arise. Some of them are very 
thorny ; but I have not come across a single one that 
appears to me to be insurmountable if on all sides there 
is @ genuine desire to come to a fair and equitable 
solution. 

My main contentions are that industry must be orga- 
nised to control itself, and that the benefits of industry 
must be shared fairly among the producers of those 
benefits so using self-interest as a motive force of indus- 
trial prosperity. 






































naked . 90. In 
well , because of the great intensity of the arc (6,000 
deg. F.), it is of the utmost importance to provide 
lenses which will protect the operator from the injurious 
effect of the radiations. A which will reduce the 
brightness of the arc is not necessarily a suitable one for 
Latyeeeee ts ar injurious infra- rays. Blue lenses 
are not tory, as they do not protect against the 
harmful rays. Amber, yellow and greenish-yellow are 
the most efficient for ™ protection, being the most 
opaque to the injurious light rays. 91. Several reliable 
dealers are now able to supply glass which will provide 
ion against inj from the ee oe 
—e ecumaidaiene es _ 
show by a spectrum anal that it does not permit 
, of ~ mare iable amount of the harmful rays. 
of Standards has recently issued a paper 
(No. 93, ‘‘ Glasses for Protecting the Eyes from Injurious 
Radiations’’) giving information concerning = 
erties of various glasses now avai . 
92. The face of the operator must also be protected 
from the heat rays ; therefore a shield (held in the hand 
or supported from the shoulders) or a helmet (worn on 
head or supported from the shoulders) is necessary. The 
helmet offers the greater degree oe a since it 
protects the operator from reflec rays, whilst the 
shields do not. The protective glass is usually inserted 
in this shield, or helmet, as the case may be. In some 
cases, however, the welder wears es fitted with 
light shade protective lenses, and the d or helmet is 
fitted with a light shade Faget lass, the density 
of the two glasses giving requi colour. 94, The 
reflected rays sometimes cause skin-burn of the operator’s 
face or back of neck. It has been found that if the 
site Sha dmemslapinrcct so” 
y av et 

These constitute such published regulations concern- 
ing this subject as may be regarded as official. They are 
brief, and to the t; and not unlike many other 
“ official’? documents, they skirt the fringe of a great 
subject, without ing too deeply involved in it. 

I shall endeavour to before you the results of 
recent rescarch, in such a way as will remove some of 
the wagnenens and uncertainty which seem to surround 
this su 


For whe of our subject we may regard light 
as having its origin at some heated body, which by virtue 
of its incandescence is capable of Propageting vibrations 
in the ether with which it is immediately surrounded. 
The vibrations may be likened to those produced by 
throwing a stone intoalake. The ripples so formed may 
be taken as a graphical demonstration of the wave 
formation which the radiations from a heated body 
assume. wave formations assume different wave- 
a es dependent —. the rate of vibration of the 
molecules of the hot y, which in turn is dependent 
upon the temperature. For this purpose the wave- 
length of the vibration may be taken as the distance 
between one wave crest and the next one following, 
and is analogous to the “pitch” of a screw thread, 
The wave-length is maintained thro ut the ether 
until the wave comes in contact with a y which has 
the power of either stopping or converting it into motion 
of different wave- Here again the vious 

ri 
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EYE PROTECTION IN WELDING 
OPERATIONS.* 
By R. R. Burizr, B.Sc., Member of the British Acetylene 
and Welding Association. 

THERE is probably no article in the welders’ equipment 
which receives less attention, or concerning 
which he has less exact knowledge of essentials, than, 
the goggles. Various types of this very necessary piece 


analogy would apply, if the 
ee St Gis mia eel ie 
The analogy, however, hardly suffices to demonstrate 








of apparatus are to be found in every welding shop and, | the complexity of the radiations ing from 4 

judging hy .folly experience, the majority of welders luminous body, as these combine both light and heat rays, 

appear to be content if, on reaching for the goggles, they the frequency and wave-length of which vary with every 
tain a str of, say, aluminium and elastic, carrying | temperature and degree of luminosity. 


It is in this way 
that the sun vides us with both light and heat. The 
ether, occupying the intervening space between the earth 
and the sun, becomes the mode of conveyance through 
which the energy is transmitted by virtue of the radia- 
tions having their origin at the sun’s surface. 

We have to regard the oxy-acetylene flame and the 
work under treatment from exactly the same point of 
view. The application of the flame to the work produces 
po a vibration in the molecules due to the heating, the 

ect of which must be added to the vibrations uced 
by the flame itself. 

Sunlight, as distributed over the earth’s surface, is a 
combination of heat and light radiations, having a normal 
ave wave-length resulting from the interposition of 
the solid matter, &c., in the atmosphere, which forms a 
natural protection to which the human eye is attuned. 
If man so harnesses nature as to produce artificial com- 
binations, such as, for example, the flame or arc, he must 
exercise his ingenuity to provide himself with suitable 
artificial means of protection. Hence our subject. 

The solar spectrum consisting of seven so-called 
primary colours—red, orange, yellow, green, blue, indigo 
and violet—represents but a small fraction of the en 
radiated from a luminous object. It is a matter of y 
observation that a piece of metal at, say, 700 deg. C., 
a ee radiates perceptibly more heat than 
light. a body is heated, the first waves to be 
radiated are those whose wave-lcngth are large. When 
the temperature a ximates to 500 deg. C. light 
waves are which are just able to affect the optic 
nerve, and we are then conscious of the sensation of red 
light. On prolonged heating and raising of the tempera- 
ture, further waves of shorter wave-length are added to 
the others, so that the colour of the body gradually 


two circular pieces of coloured glass. If perchance the 
goggles are not to hand, and time is pressing, eye pro- 
tection is dis with altogether. It is in the ho 
that a paper ing with this subject, both theoretically 
and practically, will be of general utility, that I venture 
to read such a paper before this association. 

The National Safety Council, Chicago, U.S8.A., 
published in October, 1919, a set of rules for the guidance 
of welders (whether using acetylene or electricity). 
There has been to the best of my knowledge, no similar 
** Safety First”’ campaign in this country, and certain 
sections of the Chicago rules dealing with eye protection 
are given here. ‘Re acetylene welding: 69. An 
important hazard in the use of the blowpipe or torch 
is that of injury to the eyes, by the heat and diet from 

work and by particles of hot metal that fly up from 
the weld. Properly-coloured lenses fitted in goggles 
will furnish complete protection to the eyes. Workmen 
sometimes think they do better work without them 
or are too indifferent to wear them, so the injury is done 
before it is realised. 70. Amber, yellow and greenish- 
seater glasses are the most efficient for protection. 
he selection of lenses, however, should not be left to 
the workman, or even a foreman ; goggles with the proper 
lenses may be procured from several reliable manu- 
facturers. The expensive coloured lenses may be 
eee from injury from flying sparks by a clear glass 
outside of each coloured lens in the frame.” 

Somewhat more detailed instructions are given in 
the section dealing with arc welding. As these have a 

sry definite on our subject to-night, t also 

be included here: “ 89. 1 the light ra the 
spectrum are given off by the welding arc. infra- 
red rays which are invisible to the eye produce a sensation 


of heat. iow and the illuminating | Changes, the waves which excite the violet sensation 
rays, which m Sines visible. Blue ra asada the being added to the others at about 1,350 deg. C. Con- 
vision and make objects indistinct. The ultraviolet rays | tinued heating does not alter the colour of the now 





white-hot body, but causes it to emit radiations of low 
wave-length, invisible to the normal eye, but detectable 
with the aid of the photographic ** Solar "’ 
radiation, ing from @ source at a much higher 
temperature than 1,500 deg. C. contains @ very large 


* Paper, e tly abstracted, read at the Meeting of 
the British Acetylene -and Welding Association, on 
Thursday, June 10, 1920. 
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proportion of luminous rays. In Fig. 1, I have 
endeavoured to give an idea of the manner in which 
solar energy reaches us. The ether waves radiated in all 
directions by the sun have different wave-lengths, definite 
vibrations or wave-lengths being accompanied by definite 
effects. It will be seen that the visible spectrum embrac- 
ing wave-lengths lying between about 0-4 microms and 
0-8 microms,* is bounded on one side by a series of 
vibrations of short wave-length—the actinic or chemically 
active ultraviolet waves—and on the other side by 4 
series—the infra red—having a much greater wave- 
length, and commonly known as “heat rays.” Beyond 
the infra red, a series of long wave-length electrical 
radiations occurs, with which we are not concerned 
for the present. This combination of heat, light and 
actinic rays is not confined to solar or stellar radiations. 
It is found in one form or another wherever a source of 
radiant enérgy exists, and where such a source of energy 
is a product of human skill and invention, whether as 
oxy-acetylene flame, electric arc, molten glass or blast 
furnace, it is essential that such delicate organs as the 
human eye should receive adequate protection from 
influences which are unsatisfactory because unnatural. 

The scientific study of these different MS ee of radia- 
tion is to-day a fine art, and various and elaborate devices 
are employed in the analysis of such radiant energy. 
It has been found possible to explore the infra red 
portion of the spectrum very accurately by means of such 
instruments as Professor Langley’s “‘ Bolometer.”” The 
principle of the instrument depends upon the change in 
electrical resistance of a thin strip of platinum due to 
change of temperature. A wide field has been explored 
by means of this instrument, and in Fig. 2 we have 
curves obtained in this way representing the distribution 
of energy other than pret Be see electrical in: (a) The 
spectrum of sunlight; (6) the spectrum of the incan- 
descent positive crater of an electric arc between carbon 
poles. This diagram introduces us to the question of 
the absorption of energy by the transparent medium 
through which radiations are passing. The irregularity 
of the curve representing the distribution of the energy 
received from the sun is due to the fact that the earth’s 
atmosphere itself absorbs certain wave-lengths, and 
there is evidence that other wave-lengths are absorbed 
by the relatively cool enveloping layer of gas which 
surrounds the sun. Were these selective absorptive 
powers not in existence, the dotted line shown would 
undoubtedly represent the distribution of energy curve 
for solar radiations. This diagram indicates very clearly 
the relation and the difference between solar energy and 
the radiations of a portion of the electric arc, as re 
the so-called “‘heat rays.”” In the one, the point of 
tinaximum energy is found to be within the limits of the 
visible spectrum and actually consists of light rays of 
wave-lengths between 0:5 micron and 0-6 micron. 
In the other, the point of maximum energy is in the 
infra-red region, with wave-lengths greater than one 
thousandth of a millimetre (1 micron). This point is 
of particular interest to the electric welder, since it 
demonstrates very clearly the necessity of adequate pro- 
tection against heat rays. This is, of course, only one 
small feature of the question. The energy radiated from 
the negative pole, and that from the heated vapours 
which constitute the arc, and are largely responsible for 
the violet colour of the light, are other by no means 
unimportant features, and will be touched on in 4 
moment. Only about 10 per cent. of the radiant energy 
from an are, other than a flame arc, is luminous, the 
remaining 90 per cent. consisting of non-luminous waves, 

If we transfer our attention for a time to the other 
end of the visible spectrum, we find that the actinic 
nature of the waves existing beyond the violet, renders it 
possible to examine ultraviolet rays by photographic 
means, Spectrum photographs of ultraviolet radiations 
ure to-day as exact as photographs of the visible spectrum. 
Specially-designed spectrometers have been constructed 
in which the radiations have a free and unobstructed 
passage to a sensitive plate. The waves are invisible 
to the naked eye, but the sensitive plate records wave 
motions outside the compass of the normal eye. In this 
way it has been shown, for instance, that in the case 
of an electric arc operating between carbon and iron, the 
light is considerably richer in ultraviolet rays when the 
iron is the positive electrode than when the carbon is 
positive.t Similarly, photographic methods have demon- 
strated that all ultraviolet rays of wave-length less than 
about 0-29 micron, emitted by the sun, are absorbed 
or scattered by the atmosphere. This absorption is not 
absolute, but is merely a scattering of the shorter waves, 
which reappear as radiations from the blue sky. 

The oxy-acetylene flame when subjected to photo- 
graphic examination is found to be peculiarly active as 
regards its actinic properties. The acetylene welder, 
working in close proximity to molten metal and a flame 
which is largely monochromatic, due to the sodium salts 
which form the basis of most fluxes used in the industry, 
has to guard against the highly actinic nature of the 
flame itself. The photograph, hig, 3, demonstrates the 
latter point very clearly. It :s an instantaneous picture 
of the flame of a special multi<jet blowpipe, It was 
taken in sunlight, and the camera was “‘ stopped down ”’ 
as far as possible. No detail is observable in the flame, 
which merely shows up as a white mass against the 
somewhat under-exposed surroundings. It was necessary 
to sacrifice details of cones and flame structure, in order 
to show even slightly the remaindér of the picture. Such 
a condition arises from the intense ultra-violet activity 
of the flame, in contrast with the amount of ultraviolet 
rays present in the sunlight. The result shown indicates 
that the reflected sunlight is too weak in radiations of 





* 1 micron = one thousandth of a millimetre. 
+ Luckiesh, Trans. Dlum. Eng. Socy., XI, page 472, 
1914. 





short wave-length to be able to affect the photographic 
late in the same time as the flame. The action of the 
me on the human eye under these conditions is similar 
to that on the sensitive plate, and is comparable with 
the effect which would be produced by gazing open-eyed 
at the sun itself without the interposition of any pro- 
teetive screen. In the latter case the greater percentage 
of the rays are luminous, in the former the danger lies 
in the non-luminous ultraviolet radiations. 

Returning for a while to the subject of the electric 
arc, we find that it has been possible by the methods 
already mentioned to investigate very accurately the 
radiations from various arc systems. For example, in 
the case of the carbon arc a curve showing the ener, 
radiated from the heated vapours which constitute the 
arc itself is shown in Fig. 4.* This curve shows that 
from the are itself the greatest amount of energy is 
radiated as short waves near the violet end of the 
spectrum, and the violet colour of the arc is due to these 
waves. The small scale at the bottom of the figure 
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shows at a glance the limits of the visible spectrum. 
When we consider electric welding as practised to-day, 


in which, in most cases, a flux covered metal electrode is 
employed, the problem of dangerous radiations is com- 
plicated by the production of the so-called ‘‘ flame-arc.”’ 
The strongly luminous are produced when salts of 
potassium, rubidium and caesium, in admixture with 
calcium fluoride, are introduced into the are stream, is 
en example of this. When the arc is struck between 
iron or copper electrodes, the metal itself produces a 
complicated mixture of waves of different lengths, the 
shied. characteristics of which is their relatively high 
proportion of ultraviolet light. If, in addition, such salts 
as cryolite, zinc borate, or potassium magnesium fluoride, 
are by any chance present, the ultraviolet portion of the 
spectrum lying between 0-4 micron and 0-25 micron, 
will be found to be considerably intensified. The 
temperature produced by the formation of the arc 
is interesting from the point of view of infra-red dangers. 
The actual temperatures attained by various metals 
when used as electric arc electrodes have recently been 
measured by an optical photometric method.f The 
temperature of the carbon arc was found to be 4,200 
deg. C. absolute. It was found that variations in current 
strength do not affect the temperature of the carbon arc, 
but in the cases of iron or mars increase of current 
density considerably increases the intensity of the light, 
and hence no doubt the temperature. In these cases the 
temperature remains constant from a certain current 
strength upwards, and this constant temperature is taken 
as the boiling-point of the metal. 

facts are of interest as showing the general 
injurious conditions which have been found to exist and 
which may at any time be tered in the producti 
of arc welds. In the production of oxy-acetylene welds 
there is no reason why the metal should be overheated 
to any great extent, since the intensity of the light is not 
sufficient to seriously interfere with the operator's vision. 














* Dr. W. B. Snow, Physical Review, vol. i, 
+ Hagenback and ar Arch. Sc. 
Eenve, 1919, vol. i, page 48. 
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The condition of the metal is therefore nance | under his 
control, and since with a properly constitu flame the 
molten portion of the metal is surrounded by an envelope 
of reducing gases, tendency to high temperature due to 
the production of metallic oxides is practically eliminated. 
The heat energy liberated is nevertheless considerable, 
even under ideal conditions. 

Both the arc and the oxy-acetylene flame are particu- 
larly rich in active non-luminous rays, and under present 
conditions the operator, whichever method uses, is 
confronted with the necessity of combating radiations 
covering practically the whole range of the spectrum 
between wave-lengths of 0-1 micron and, say, 5 microns. 
It is evident that: (a) Infra-red waves, (b) ultraviolet 
waves and (c) luminous waves have to be against, 
and of these three the luminous or “dazzle” effects 
are by no means the least important. 

This combination of rays of different wave-lengths 
cannot but have injurious effects upon an unprotected 
eye, and it may be interesting here to consider the eye 





Fig. 3. 


itself, in the light of recent research. Experiment 
has shown that the cornea—the outer envelope of the 
eye—absorbs certain radiations, thereby preventing them 
from reaching the delicate interior portions of the eye. 
It is generally agreed to-day that the extreme ultraviolet 
rays of wave-length less than 0-295 micron (see Fig. 1) 
are stop in this way, and do not reach the retina.* 
These vibrations, on being stopped, are converted into 
vibrations of a different frequency—either into light or 
heat waves. It should be noted at this point, that when 
any medium absorbs certain rays, the vibrations do not 
thereby cease to exist. The law of the conservation of 
energy steps in, and we find that such absorbed waves 
merely cease to vibrate with their own wave-lengths, and 
are transformed into vibrations of longer wave-lengths. 

To return to the cornea, the ultraviolet vibrations 
having wave-lengths less than 0-295 micron are charged 
with producing such maladies as acute irritation, con- 
junctivitis, and, in addition, cloudiness of the cornea, 
which absorbs them. The injury known as “ ophthalmic 
electrica,””’ which practically amounts to a temporary 
sunburn of the eye, is attributed to these waves, and 
usually one finds that a few days complete rest will result 
in recovery. The other section of the ultraviolet waves, 
lying between wave-length 0-3 micron and the visible 
spectrum (see Fig. 1) is of a different character. These 
waves are not absorbed by the cornea, and actually 
penetrate into the interior of the eye. Being actinic 
they naturally affect the retina to a considerable extent, 
and the maladies known as colour scotomata, retinal 
degeneration, and glass-workers’ cataract, are some o! 
the injuries said to be due to this section of the spectrum. 
There is, however, considerable doubt concerning some 
of the above conclusions. The facts regarding the 
selective absorptive power of the cornea are established, 
but opinions differ over the relation between effect and 
cause. For example, while in one school the injury 
known as “‘ glassworkers’” cataract, is attributed to the 
ultraviolet radiations, another school attributes the 
malady to the infra-red waves.t One reason for holding 
this latter view is, in brief, that the temperature of 
molten glass is approximately 1,400 deg. C., and this 
temperature is too low to give rise to any appreciable 

uantity of ultraviolet radiations. Moreover, since 
the water with which the eye is filled is very opaque 
to the infra-red rays, most of the energy radiated at 
1,400 deg. C. must be absorbed into the outer coating 
of the eye, and, therefore, it is argued that the injury 
must be attributable to the infra-red. 

Without entering into any argument on such a debat- 
able int, it is interesting to note that apparently 
Sir William Crookes, in his work on protective glasses, 
was induced to accept this theory. More recently, 





* Bell, Proc. Amer. Acad. Arts and Sciences, vol. 
xIviii, 1912, page 1 


+See Coblentz “and Emerson, U.S.A. Bureau of 


Standards, Technological Papers, No. 93. 
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experiments performed on living fish and frogs with 
special reference to the cataract found in tropical 
countries, lends further support to the ultraviolet school.* 

Researches by Aschkinasst have shown that infra-red 
radiations having wave-lengths greater than 1-5 micron 
(see Fig. 1) cannot reach the retina owing to the opaque- 
ness of the aqueous humour contained in the eye for 
these wave-lengths. Similarly Luckiesh has computed 
the transmissive powers of the cornea, aqueous humour, 
crystalline lens, &c., for different wave-lengths.{ As 
before mentioned, ultraviolet rays of wave-length less 
than 0-295 micron are stopped before they reach the 
retina. 

The eye appears to be highly sensitive to vibrations 
in the Ye go of the yellow portion of the spectrum 
(about 0-5 micron to 0-6 micron), about 97 per cent. of 
the radiations reaching the retina, while only 38 per cent. 
of the vibrations of wave-length 1 micron (infra-red) 
pass through the aqueous humour. 

Having obtained a general view of the question of 
harmful vibrations, let us consider the more recent 
historical aspect of the problem. 

In 1880, the name of Dr. Fieuzel, of Paris, was prominent 
in connection with yellow-green glass capable of absorbing 
ultraviolet rays. In 1905, Dr. Otto Hallauer, of Basel, 


Switzerland, produced a smoky green glass for which he 
claimed similar properties. Two German men of science 
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produced, in 1907, the greenish-yellow glass known as 
“* Euphos,” two particular shades of which were adopted 
officially by the German Government. In our own 
country, the most notable work in this connection was 
undoubtedly that of Sir William Crookes, who was 
persuaded in 1909 to investigate the causes of the 
cataract which is so prevalent in the ranks of the glass- 
workers. A Glassworkers’ Cataract Committee of the 
Royal Society was formed§ and finally, in 1913, a glass 
was obtained which absorbed a large proportion of the 
radiations at either end of the spectrum. his glass left 
the visible portion of the spectrum practically unchanged, 
whereby the judgment of colour values was not hampered 
in any way. This glass would, however, be of little 
service to this industry. As I have already mentioned, 
the “‘dazzle”’ when welding, is by no means the least 
fatiguing feature, and it is imperative that satisfactory 
means be found to protect the eye from practically the 
whole spectrum. 

Sir William Crookes actually produced four types of 
glass, each of which had particular properties : (a) High 
Infra-red Absorption.—Fig. 5, curve A, is an example 
of the results obtained in an examination of Crookes’ 
sage green ferrous glass. The transmission in the green 
is about 45 per cent. The maximum transmission in the 
infra-red is only about 11 per cent., and it has been 
found that the glass transmits only about 5 per cent. of 
the infra-red radiations emitted by a molten mass at 
1,000 deg. C. The Crookes’ ferrous glass No. 246] 
intercepted 98 per cent. of the heat radiations, but was 
not entirely effective in stopping ultra-violet rays. 
(6) High Ultra-violet Absorption.—Crookes prepared some 
interesting specimens of this type. Glass No. 240 (also 
& ferrous glass) entirely intercepted the ultra-violet, but 
was not so successful as re; the other end. In fact, 
it only stopped 88 per cent. of the infra-red rays. The 
glass transmitted 36 per cent. of the luminous rays, and 

* Burge, Trans. Tllum. Eng. Socy., New York X, 
page 932, 1915. 

+ Ann. der Phys. vol. lv, 1895, page 401. 

} Elect. World, October 25, 1913. 

§ Phil. Trans., 1914, pages 1 to 25. 

|| For details and formule concerning these numbers 
see Phil. Trans., 1914, pages | to 25. 

















was of a smoky green colour. Another glass (No. 202), 
@ neutral-tinted specimen, transmitted 17 per cent. of 
the heat radiations and was opaque to rays of shorter 
wave-length than 0-383 micron. Only 25 per cent, of 
the luminous rays were transmitted. (c) High Trans- 
mission of the Luminous Rays.—Fig. 5, curve B, shows 
the type of curve obtained on examination of this glass. 
The transmission in the visible varies from 90 per cent. 
to 75 per cent., and the glass is not nearly as officiont as 
his green glass in stopping wave-lengths slightly greater 
than those of the extreme end of the visible spectrum. 
The amount of infra-red transmitted by this glass is 
about 55 per cent. of the total radiation of a melt at about 
1,100 deg. C. It may be interesting here to examine 
@ curve (6 showing the infra-red absorptive power of a 
typical yellow goagle-glass examined by Coblentz and 

merson.* It is shown here as a dotted line, and its 
contour suggests very strongly the probability that a 
similar formula to that employed by Crookes has been 
used in its production. Six of these glasses belonging 
to type C were specifically mentioned by Crookes, and, 
to take the two extremes as examples, we find that glass 
No. 187 (a cerium glass) which transmitted 99 per cent. 
of the luminous, only succeeded in stopping ultra-violet 
as far as wave-length 0-365 micron, while it transmitted 
73 per cent. of the heat. Glass No. 238, also a cerium glass, 
which transmitted 71 per cent. of the luminous, had about 








glass that will cut off as much as possible of the heat 
radiation, [ have also attacked the problem from the 
ultra-violet and the transparency points of view. Taking 
each of these desiderata by itself, I have succeeded in 
preparing glasses which cut off over 90 per cent. of heat 
radiation, which are opaque to the invisible ultra-violet 
rays, and are sufficiently free from colour to be scarcely 
noticeable when used as spectacles. But I have not 
been able to combine in one specimen of glass these three 
desiderata in the highest degree. The ideal glass which 
will transmit all the colours of the spectrum, cutting off 
the invisible rays at each end, has still to be discovered.” 

After the success achieved by Sir William Crookes, 
came the European War, in the course of which, America, 
deprived of many of her pre-war sources of optical 
supplies, had to depend on herself for such items as 
crease glasses. It was no longer possible to purchase 
them in Europe, as had been her custom, and her experi- 
mentalists rose to the occasion and produced glasses 
which behaved in a similar way to the European glasses. 
A number of firms in the United States are now manu- 
facturing glass which they claim to be of unusual value 
for eye protection purposes. Many of these have been 
accurately studied, and their behaviour under different 
conditions ascertained, the results of such investigations 
being readily accessible in various publications, some 
of which are quoted in this paper. 
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Fig. 7. PHoroarapus or Oxy-AcCETYLENE FLAME THROUGH VaRIOUS “ ProrEcTIVE”’’ SUBSTANCES. 


the same transparency to ultra-violet as No. 187 (above) 
and transmitted 66 per cent. of the heat. (d) Low 
Transmission of the Luminous Rays.—These glasses 
were designed for use in the Polar exploration work and 
similar undertakings, where snow goggles are essential. 
Crookes’ glass No. 248 only transmitted 30 per cent. 
of the light, and was of dark neutral colour. Its heat 
absorption was about 47 per cent., while its ultra-violet 
absorption was satisfactory as far as wave-length 0-355 
micron. Another glass (No. 249) transmitted 63 per cent. 
of the light, 49 per cent. of the heat, and absorbed ultra- 
violet to the same extent as No. 248 above. 

It is evident, therefore, that the problem of finding 


A careful examination of available results brings to 
light several features which complicate the issue : 
(a) The thickness of the glass has an obvious bearing 
on the quantity of energy intercepted ; (b) the colour 
of the same kind of glass may vary in different parts of 
the same melt ; (c) even when using the same formula, 
different melts will give different tints of the one colour ; 
(d) length of time of heat treatment will cause variation 
of the colour. 

It is futile, therefore, for an experimenter to attempt 
to obtain figures for the absorptive powers of all the 
glasses for which their makers claim either a definite 
colour, particular properties, or (in some cases) merely} a 





one glass which combines within itself the y 
conditions for adequately filtering the whole of the 
spectrum is a gigantic one. Indeed it is doubtful whether 
such a combination is possible. When ultra-violet rays 
are absorbed by a medium they are converted into waves 
of longer wave-length. It is therefore possible for a lens 
of protective glass to hand on to the eye more light (i.e., 
luminous rays) than it receives. This is an interesting 

int. Moreover, should the conversion of short wave- 
jengths proceed in a more marked manner, and produce 
heat rays instead of light rays, we should have an 
increase in the quantity of heat rays passed on. The 
quantity of then formed in this way is probably too small 
to be measurable, and insignificant as regards its effects 
on the eye, yet it is a point of importance in the problem. 
To ir William Crookes: ‘‘ Whilst bearing in 
mind that the chief object of this research is to find a 





* Bureau of Standards, Technological Pa , No. 93. 
tThe goggles worn in Captain Scott’s Antarctic 
Expedition were of a light green tint, which they found 
ng comforting to the eyes. (‘Scott's Last 
xpedition,”’ vol. i, page 466.) 





tinctive name. Nevertheless, bearing this in mind, it 
will be of value to study briefly certain experiments 
carried out by Bell* and by Luckiesh,t which show very 
well the differing properties of so-called “ protective ”’ 
glasses. 

Some of the curves relating to glasses examined are 
shown in Fig. 6, in which the approximate limit of the 
visible spectrum is shown by the vertical dotted line. 
A number of photometric observations taken by myself 
may —- serve at this point to demonstrate some*of 
these peculiarities, and the broad general principles upon 
which the use of colour screens is based. In Fig. 7. are 
reproduced photographs of the oxy-acetylene flame taken 
through a series of coloured “‘ protective” glasses."”” As 
a standard photograph of the flame, I adopted the 
instantaneous picture, which was found to be the only 
method of obtaining a sharply-defined image of the 
highly actinic, so-called “‘luminous” cone. Varying 


* Proceedings, Amer. Acad. Arts. 
xlvi, No. 24. April, 1911, page 669. 

+ Trans. TIT Eng. Soc., New York, vol. ix, page 472, 
1914, 
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time exposures were then made on a continuous film, 
the standard instantaneous view of the flame being taken 
at the commencement of each series, and care being taken 
to prevent actinic rays reflected from surrounding objects 
from reaching the lens and thereby fogging the film. 

In the first place these photographs show clearly the 
opaqueness of red glass to ultraviolet rays, and also the 
relative actinic properties of the cone, and the volume of 
gas constituting the “‘ flame.’ The actual exposures given 
are shown in each case, and it will be seen that even at 
180 seconds exposure, only the cone is visible. The 
thickness of the specimen of glass used was 2-1 mm. 
The objections to glass of this colour are, of course, 
its transparency to infra red, and its colour, which causes 
considerable eye fatigue. 

An amber coloured glass, of thickness 2 mm., gave 
results showing some transparency to ultraviolet light. 
One of the ae objections to this colour is its trans- 
parency for luminous rays. The colour, as in the case 
of red glass, causes a certain amount of ocular distress 
when in use. 

Two different ‘‘ smoke ”’ glasses were examined in this 
ban f one being an American product, of thickness 
2-2 mm., and the other English, 2-5 mm. thick. Their 
behaviour is very different. Two curves relating to 
smoke glasses, taken by Luckiesh, display a similar 
lack of uniformity. The transparency of this type of 
glass to visible light cannot under any circumstances be 
taken as a criterion of its transparency or opacity to 
ultraviolet rays. It will be seen that the transparency 
for luminous rays was about 92 per cent., and diminished 
rapidly in the ultraviolet, until it was only 20 per cent. 
for a wave-length of 0-3 micron. 

usual goggle glasses met with in this country are 
either blue or and the result of e ing the 


Whatever other considerations enter into the case. 
two op 0. Gekeg are always in action, viz., the 
relatively high cost of manufacture of a useful optical 
protective ‘am: and the buyer’s demand for a cheap 
article. These two fundamentals must under no circum- 
stances be overlooked. Moreover, of the two, the latter 
wields by far the greater power. A manufacture: 
confronted with the incessant demand for an article 
which is low in price, must either produce such an article 
or lose his market. He has little or no choice in the 
matter, with the inevitable result that in order to cut 
costs the efficiency of the article suffers. Inferior 
qualities of glass are used in the construction, and as 
@ result a type of goggle is produced having the appear- 
ance of a serviceable article, Pie whose ia to 
injurious radiations may be decidedly doubtful. Why ? 
Because neither the ea nor the operator have 
sufficient exact knowledge as to the essential require- 
ments of suitable eye-protection ap tus, The 
operator who understands his business has complete 
control of the welding apparatus which he is manipu- 
lating. He is able to adjust the flame to suit his require- 
ments ; he can give the metal any necessary preliminary 
heat treatment which the job in hand requires. His 
materials, in the shape of filling rods and fluxes, are 
standardised, and always available for his use. Yet in 
spite of the high technical perfection of the weldi 
conditions, imperfect welds continue to be produced. 
May it not be that the fault is traceable, not to the 
welder, or materials, but actually, in the end, to the 
employer? That dry-eyed cloudiness of vision ex- 
perienced by an operator at the end of a long piece of 
welding is accep in many cases as a trifle, not worth 





sensitive film w! using a cobalt blue glass of thick- 
ness 2-1 mm. in photography shows film to be 
badly fogged, all detail of the cone is completely lost, 
and it is evident that the glass is extremely transparent 
to ultraviolet light rays. 


A photograph a green glass of 3-1 mm. thick- 


ness shows a very di t t. » Opaqueness 
to ultraviolet light is v marked, and the film is the 
mast satis one as regards absorption 
of ultraviolet 


These results seem to me to be of considerable interest. 
There are many welders who claim that the cobalt blue 
lass is far erable to the green, as regards age com- 
ort, though probably they are in the minority. Judging 
by photographic evidence their contention is a weak one. 
Cobalt glass absorbs infra-red and luminous rays, without 
a doubt, but it is transparent to ultraviolet rays. 
Luckiesh, using more intricate phic methods, 
has demonsteoted conclusively it blue glass is 
as trans it to ultraviolet rays as is clear glass of the 


same thickness. 

On the other hand, green glass is of considerable value 
to the welder in many ways. Colour values are not 
obscured by this glass to nearly the same extent as by 
any other colour screen. © luminous rays are 
sufficiently intercepted to render the welder immune from 
dazzle effects. The glass is effective well into the ultra- 
violet region, and it is very opaque to infra-red radiations. 
Of the infra-red radiations from a furnace at about 
1,100 deg. C., about 60 per cent. are stopped by greenish- 

ellow pad! cent. to 80 per cent. are stopped by 
lack about 95 per cent. are cut out by 
sage green 

» en ae red, amber and 
glasses absorb very considerably in the violet and blue, 
and also well into the ultraviolet. Blue glass, which 
transmits readily in the blue and violet portions of the 
spectrum, transmits a large amount of ultraviolet. Amber 
and the greenish glasses will transmit a ee ge tt 
small amount of the more refrangible rays (which includes 
some ultraviolet) if the glass is too thin, or of too light 
@ tone. 

A combination of two or more glasses is sometimes 
used, and one frequently finds red and cobalt blue com- 
bined, A better combination in the light of modern 
knowledge is to be found in red and a full green glass. 
Such a combination should under reasonable conditions 
form @ very opaque screen for all radiations, and is of 
particular value in electric welding where a decidedly 
enggen glass is essential. 

The colour of a glass is, of course, dependent upon 
the ticular wave-lengths which it cannot absorb, just 
as the colour of the petals of a flower is due to the 
particular spectrum colour which they cannot absorb and 
therefore reflect. Glasses which have considerable 
absorptive properties in the violet and ultraviolet (thus 
producing amber and yellow glass) do not as a rule display 
marked absorptive powers in the infra-red. These 
are very transparent in the infra-red regions, the 
other hand, those glasses whose absorption in the yellow 
and red is considerable (and whose colour is therefore 
blue-green) usually have considerable absorptive powers 
for infra-red rays. 

if, ore, the aim he to afford protection from 
infra-red waves, the bluish-,sreen, sage-green or yellowish- 
green glasses should be usea. [f, on the other itis 
ultraviolet light which has been absorbed, as is more 


ow or yellow- 


perenlonn the case in this indanieg red, amber, 
\o - » OF sage- glasses are A 
irlociy een st Seeger amen, sep_sacemery: 


sources of irritation, -green, or yellow-green glass 
would appear to provide the greatest 


of immunity. 

In any case, whether using oxy-acety or arc, such 

glass must be employed as will obstruct the visible rays 

re a vee consid extent, and it is necessary to wear 
C 


frpetes yellow-green, sage-green, or black-green. 


hat are the conditions actually existing in welding | this 


shops to-day ?_ Is the operator 


being to any 
appreciable extent ? One can hardly think so ! 


t glasses which can be conveniently used, | the 





more t @ moment’s consideration. In reality, this 
indistinctness of vision is actually the result of inefficient 
eye protecti Tf the supplied to the operator 
are not ca of g harmful iations, the 


operator will inevitably suffer, and as a logical conclusion 

work itself must be inferior in qualit' An employer 
who supplies for eye protection p les whose 
chief merit (in his opinion) is their cheapness, is actually 


courting that inferior — of welded work which must | Indi 


result from ion. Under these circumstances, 
is it not that many inferior welds are not due 
to materials of doubtful quality or to carelessness on the 
of the operator, but rather to eye strain produced 
y ineffective colour sereens ? In view of what we have 
seen, is it strictly fair to cast blame upon the operator, 
or, as is frequently the case, upon the plant? A 
welder without suitable and efficient eye protection 
is toward the end of a working day in the condition 
of a half-blind operator attempting to carry out 
precision work. 
is the information available relative to this 


subject. Work in with has been, 
and is being, carried on in all parts of the world, and 
the details of such are ing month by month 


work e@ppearin, 
in the various scientific publications which make it their 
practice to collect, abstract, and classify knowledge of 
scientific value. I wish, therefore, to finish to-night on 
a note of interrogation. 

Many types of “protective’’ glass are available, 
both of British and foreign origin, and on behalf of these 
goggles we have perhaps the makers’ assurance that the 

lass is a ‘correct ’’ one giving “ complete protection.” 

many cases no such assurance is given, nor un- 
fortunately is it always asked for by the purchaser. 
Moreover, there is to the best of my know no 
official publication in this country dealing with the 
merits of particular makes of protective glass which 
is at all equivalent to No. 93, Bureau of Standards, 
Washington. In the absence of such information 
the doubt must inevitably exist in the mind of 
the welder as to whether there are any protective 
porate in the goggles which he wears to com ate 
or the loss of visibility occasioned by the colour of 
the glass. 

Is it too visionary a scheme to suggest that the British 
Acetylene and Welding Association should make itself 
responsible for the issue of some form of certificate in 
connection with all goggles claiming to be protective ? 
The production of curves such as are here reproduced 
is a very tedious process, and except for purposes of 
research is unnecessary, On the other hand, the trans- 
missive power of any medium can be ascertained approxi- 
mately in a very simple manner by means of a spectro- 
meter fitted with a quartz optical system in place of 
the usual glass lenses, &c. Such instruments are readily 
obtainable, and are simple and reliable in operation. 
Our friends in France, from whom we in this country 
have received and still receive so much valuable technical 
information, are sufficiently united and sufficiently stron: 
to boast a central laboratory, where work can be oaiel 
on under satisfactory conditions, and whose results are 
made available for the general good of the whole industry. 
Is such a position unattainable in this country ? I do 
not think so! [In this, as in so many other human 
concerns, unity of purpose will achieve results. A 
central laboratory under the control of the association 
is ble of becoming, not merely a clearing house 
of technical information, but actually a source of strength 
tothe association. Its duties would be many and varied, 
and amongst these I would t the y considera- 
tion of suitable types of goggles for the protection of 
operators. The conditions as to construction, sale and 
use of these glasses are at present chaotic, and there is 


y room for some system of co-operation with the | 2 


manufacturers, A form of recommendation, issued with 
the authority of this association, would be of immense 
value from many points of view. To mention two only, 
welder himself would be assured of otvapate pre; 
tection and, further, the supervision of an article as 
is would be yet another step forward in the direction 
of standardisation of supplies, to which we are steadily 
but surely advancing. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Tron and Steel.—The settlement of the steam service 
men’s strike has allowed a general resumption in iron 
and steel production, but it will be several weeks before 
the staple trades fee ee full swing again. Though only 
2,000 men were directly concerned in the strike, their 
precipitate action involved the lock-out of no fewer 
than 30,000 iron, steel and engineering workers, and 
in the course of a 10 days’ deadlock, industry sustained 
a loss estimated at between 400,000/. and 500,000/., and 
the workers sacrificed over 90,0001. in wages. The strike 
has served no definite purpose. The men have gone 
back to work on precisely the same terms as formerly 
sperated, A six weeks’ armistice is declared ; meantime 
the question of whether the enginemen concerned shall 
be P xo by the hour or shift is to be submitted to the 
Industrial Court of Arbitration. According to repre- 
sentative steel makers, the damage to local industry 
has been almost as extensive as in the case of the recent 
moulders’ strike. Work urgently required for delivery, 
especially in the ease of machinery for shipment, has 
been delayed, substantial arrears pred up, and new 
business suspended. Especially is the effect noticeable 
at the rolling mills, where congestion has been a marked 
feature for many weeks past. Pressure for supplies is 
on @ record level. Even with extended sources of pro- 
duction, rolling mills proprietors find it impossible 
to keep pace with demands. The increase in automobile 
construction for commercial use is one of the chief con- 
tributory factors. Apart from arrears of work, which 
generally are more than sufficient to keep plant running 
at full pressure, a distinctly easier tendency is reported 
in engineering products. The necessity for the making 
of contracts on the basis of prices ruling at the time of 
delivery is having a detrimental eftect on both home 
and export business. Recent price advances have 
caused the collapse of many promising inquiries from 
overseas buyers. The lighter trades appear to be 
enjoying the major benefit. The Colonies, particularly 
ia and Australia, are taking large quantities of hand 
tools. Manufacture of saws, files, pincers, and pliers 
is carried on at high pressure. Buyers appear to be 
ad, on g & more cautious policy as regards raw and semi- 
i materials. With prices at a record level, the 
tendency is to limit forward purchases to bare require- 
ments, although in some sections there is considerable 
difficulty in obtaining sufficient tonn to cover 
contract commitments. This particularly applies in 
the case of foundry iron and steel billets. Output of 
castings is suffering in consequence, to the detriment 
of the shipbuilding trade. Eftorts to supplement home 
deliveries from Continental sources have met with small 
success. 


South Yorkshire Coal Trade.—House coal merchants 
_aen a marked falling-off in the demand for supplies, 
following a small spurt experienced as a result of de- 
control. Only the outlying districts are coming forward 
with substantial demands, this because they have fared 
badly during the period of control. Depots are now 
making fair headway with arrears, and hope soon to have 
the trade position on a normal footing so far as supplies 
areconcerned. On the other hand, there is no diminution 
in the demand for best steams, either for manufacturing 
purposes or for the railway services. Iron and steel 
concerns have added considerably to reserves during 
the past fortnight. Gas and electricity companies, too, 
occupy @ more satisfactory position. South Yorkshire 
producers are awaiting with interest any possible develop- 
ment in the control of foreign trade so far as the Humber 
traffic is concerned. Quotations :—Best handpicked 
branch, 37s. 2d. to 38s. 2d.; Barnsley best Silkstone, 
37s. 2d. to 37s. 8d.; Derbyshire best brights, 35s. 2d. 
to 36s. 2d.; Derbyshire house coal, 32s. 84d. to 33s. 2d. ; 
Derbyshire best large nuts, 32s. 8d. to 33s. 8d.; Derby- 
shire small nuts, 31s. 8d. to 32s, 8d.; Yorkshire hards, 
32s. 8d. to 33s. 8d.; Derbyshire hards, 32s. 8d. to 
33e, 8d. ; rough slacks, 28s. 2d. to 29s. 2d.; nutty slacks, 
27s. 2d. to 288. 2d. ; smalls, 23s. 2d. to 24s. 2d. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MipptxssRoven, Wednesday. 

The Cleveland Iron Trade.—Customers find it quite 
impossible to secure anything like sufficient supply of 
Cleveland pig-iron. The shortage indeed appears to be 
more acute than ever. Commendable efforts of pro- 
ducers to make up, to some extent, deliveries to Scotland 
caused by the recent dockers’ strike, have met with 
considerable success, but despatches to customers beyond 
the Tweed fall far short of satisfying needs. There 
are still no export quotations, makers adhering to their 
decision not to sell Cleveland pig-iron for shipment to 
foreign ports. For home consumption, No. 3 and the 
lower qualities are 217s. 6d. and No. 1 is 230s. 


Hematite Iron.—There is very marked scarcity of 
hematite iron, but the situation in this branch is hardly 


so stringent as is the case with ard to Cleveland 
pig-iron. A little home business is passing, and 
occasionally small edd lots can be spared for sale to 


Continental buyers, but producers are well placed, 
and are not keen to enter into new contracts. For home 
, Nos. 1, 2 and 3 are 260s. and No. 1 is 262s. 6d. : 
while for shipment to France, — and Italy mixed 
Nos. are 265s, and No. 1 is 267s. 


Foreign Ore.—Nothing new is ascertainable concerning 
foreign ore. With sellers inclined to take a rather firm 
om and consumers holding off the market, as not 
only have they substantial stocks, but they report large 
quantities coming forward against contracts, business 
is practically at a standstill. Users state 


that they 
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ean still purchase on the basis of 49s. for best rubio, 
on the 17s. parity freight, Bilbao-Middlesbrough, which 
makes the ex-ship Tees value of 50 per cent. rubio, 
59s. 6d., as steamers from the Spanish ore port are 
being chartered at 27s. 6d. 


Coke.—Coke keeps strong and in good request. 
is considerable home business doing, hoary local 
receiving adequate attention, but foreign business is very 
awkward to arrange. Ave blast-furnace kind is 
62s. 9d. at the ovens, and quality low in phosphorus is 
65s. 3d. at the ovens. There are buyers of gas-house 
product for export at 170s. 


ye ee Iron and i finished iron and 
steel industries are running at as pressure as circum- 
stances permit. Manufacturers have vastly more work 
on hand then they can with, and are not i 
further orders. Opinion _pressure for supply 
become less insistent in the near future is ing more 
general, and most traders now hold the view that prices 
have touched top. Many Continental customers hesitate 
greatly to negotiate on terms that are offered, and rather 
serious American and Belgian competition is threatened. 


There 
needs 


The following are among the principal market quotations : 
Common iron bars, 30l.; bars, 32/.; iron 
angles, 301. 15s.; rivets, 381.; steel ship, bridge and 


tank plates, 231. 10s.; steel angles, 23/.; steel joists, 
23l.; soft steel billets, 257. 10s.; hard steel billets, 
261. 108. ; heavy sections of steel rails, 23/.; fish plates, 
= ; black sheets, 447. 10s. ; and corrugated galvanised 
sheets, 541. 


Transactions in Australian Ooal._—-A Middlesbrough 
firm has just completed the sale of 140,000 tons of 
Australian screened coal to buyers in Sweden delivered 
over the second half of the year, at a price, it is stated, 
30s. 6d. below the rate at which similar British coal 
can be sold in Sweden. 





NOTES FROM THE NORTH. 


Scotch Steel Trade.—The activit 
in the steel trade of Scotland di 
shown no signs of , and 

continues. . ye rt i et ede 
outputs, but s is well nigh i i with 
soekental sO scarce. Deliveries of huenative fall a 
way short of the amount desired, and 
steelmakers being handicapped. For both | 
boiler plates there is @ very constant demand, wher 
builders are still having to mark time periodically 
through poor deliveries of plates as well as of other 
material. Users of structural sections are consuming 
very large quantities, and all that is being turned out 
at the steel works is rapidly removed. At the genes 
time the demand is very heavy. The makers of black 
sheets are having ® most exceptional run just now, and 


every ton gets vi y off. ure for 
deliveries is i great, and the full output is 
booked a long way Shoat. The home trade is still 


absorbing most of the present output of all classes of 
steel material and export lots are small. Prices, which 
are supposed by many to have reached their limit, 
continue firm, but inquiries are not quite so numerous, 
as some buyers are holding back temporarily in the hope 
of a fall. The latter may come along in the near future, 
but there are really no indications in that direction in 
the meantime. The orders already booked ensure steady 
running well into next winter, and perhaps by that time 
the actual position may be clearer. 


Malleable Iron Trade.—The malleable iron makers 
in the West of Scotland have still much work on hand 
and are experiencing some pressure for deliveries. The 
recent advance in prices has had the effect of a slight 
check on new business, but the position will settle out 
all right before present orders get worked off. The many 
works in the district are all busy and a very large tonnage 
is being turned out, and what is of no little importance 
is the fact that all of it is earmarked long before it is 
ready to be tru 


Scotch Pig-Iron Trade.—The position of the pesee 
trade of Scotland has not appreciably c'! 7 
the past week except that an all-round advance 
5s. per ton has been made in foundry iron. The different 
grades are as scarce as ever, and consumers i 
when the t tension will ease, so 


yaw 


prod 
ditions are likely to continue ri 
The consumption is i 
output is less than it ¢ 
iron are now called 14/. 10s. per ton for No. 1 quality, 
and 131. 10s. ton for No. 3. ity, both being for new 
business, delivered locally. continues in very 
active demand, and deliveries to steelmakers are on a large 
scale, although not large enough for their requirements. 
High Priees.—The very high prices now demanded, 
or ‘more equired, by makers of iron 
and sted anal keoe ae patios af mane talk 
recently, but wherever the demand than the 
supply sueh @.state will prevail. With 
dear and wages.on a scale unheard of in history it stands 
to reason that the prices of the various products must be 
high. Output has a lot to do with the position, as it falls 
far short of what it should be, but the “‘ca’ canny ” 
Le to have got such a hold nowadays that it 
difficult to root out. Quotations for iron and 
steel material never were higher, and it is doubtful if 
the top has yet been reached. Labour is not contented 
with its presen reward for services, and there is a growing 
feeling for a further advance, which, if agreed to, 


«la total o: 


cause markets to become firmer. The end of such 
demands is not yet.in sight, and troublous times ahead 
are almost certain. Solong as wages remain even on their 
present high level and outputs continue so poor it is 
rather difficult to see how quotations can be redu 
In the hope of an easier tone, however, buyers are, in 
some instances, holding off as long as —— and there 
is evidence that a slightly uneasy feeling prevails in 
some quarters, but it is doubtful if there is any 
justification for this nervous state on the part of buyers. 





NOTES FROM THE SOUTH-WEST. 


dis: with the necessity of requiring a 
majority before ing & national coal strike. The 
effect of the ion of this posal would be that 


that there will be many pit stoppages owing 
. PEt comtotes day shifts of coal 
trimmers came into operation on Monday, and this has 
aggravated operators difficulties, for it is feared that 
the railway companies will not be able to keep the men 
sufficiently supplied with coal to keepthem fully employed 
during the day and return wagons to the pits ready for 
loading on the following day. Im the circ » 
rices are nominal on the basis of 115s. for large and 95s. 
or smalls. Patent fuel makers have benefited from 
the new scheme for they are now able to secure er 
for manufacturing round 75s., against 92s. 6d. 
a week or so ago, and as fuel exports are not limited 
makers are making special efforts to increase their output 
which they have been unable to do because of the 
scarcity of coal. 


The Iron and Steel Trades.—There is practically no 
alteration in the tin plate market. Business remains 
quiet. Buyers are ing off, anticipating a reduction 
in owing to the fall in the price of tin, but makers 
being well sold are not anxious to sell and are of opinion 
that the high working coste will make it necessary for 
them to keep up prices. Current quotation for the 
standard box is round 72s. 6d. 8 bars from 
271. to 321. and spelter is easier at 41/. 10s. to 





MrIppLesBROUGH PiG-mon SHIPMENTS.—Messrs. Wm. 
Jacks and Co., 5, East India-avenue, E.C., state that 
the shipments of -iron from Middles and 

i ve in were, coastwise 13, tons, 
and foreign 18,426 tons; total 31,913 tons, as against 

61,840 tons last April, 22,622 tons in May, 
1919, and 31,599 tons im May, 1918. Last May there was 
@ great falling off in the shipments to Wales, China and 
Japan, Belgium and Italy. 


Avromatic GaTgss ror Wutrs.—-Automatic gates o 
which the firm of Stauwerke A.G., Ziirich, 
troduced at the hydro-electric power station at 
on the Jogne river, are being adopted on several 
weirs of the Vienne Department, in France. In one 
the discharge openings of the weir have widths of 
m. and 23 m. respectively, and are closed by gates of 
of 4-50 m. and 3-60 m. The gate at Broc has 

ive height of 3 m., that is to say, it blocks, when 
vertical ition, a water depth of 3m. The gate 
is horizontally ted in its middle. Its counter weight, 
attached to the lower half, is not sufficiently heavy to 
withstand the full water pressure of the upper reach ; 
but this lower half moves, about the pivot mentioned, 
ina ial water chamber which communicates through 
with the lower reach. By the aid of a sluice, 


w is operated by hand, the h 





eget 


oe 


iM 





tic in 
the chamber is adjusted, and the gate is oped or closed. 


ced, | June 22, at 8.30 
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NOTICES OF MEETINGS. 


Tae Roya. 





AgErRonavuTicaL Socrery.—Tuesday, 
-m., at the Central Hall, Westminster, 
the Wilbur Wright Lecture will be delivered by Com- 
mander J. C. pnenteer. U.8S.N. The subject of the 
lecture is ‘‘ Naval Architecture in Aeronautics,”’ and 


real | H.R.H. The Duke of York will preside. 


Tse [Instirvution or Etgorrican EnormEerrs.— 
Wednesday, June 23, at 6 p.m., Wireless Sectional 
Meeting, at the Institution of Mechanical Engineers, 
Storey’s Gate, Westminster, 8.W. ‘The Development 
of Thermionic Valves for Naval Uses,"" by Mr. B. 8. 
Gossling. . 





Personat.—The Brightside Foundry and Engineering 
Company, Limited, Wicker Iron Works, Sheffield, inform 
us that they have acquired the busi hitherto carried 
on by Messrs. Pullan and Mann, Leeds, the well-known 
makers of brick, tile and sanitary pipe making machinery. 
This business will be worked in conjunction with their 
present brick machine business. 








Perro. Traction PLant iv Minges.—The Commercial 
Secretary to H.M. Em in Brussels reports to the 


also policed in of Overseas Trade that by a recent decree 
i 


in the Moniteur Belge the law prohibiting the 
use of petrol locomotives in mines has been abrogated. 
Their will, however, remain prohibited in 
mines under the third class, that is to say, those 
where fire is particularly prevalent, but in other 
cases 
concerned on the 


can be given by the provincial council 
ion of the Chief Engineer 
and Inspector General of Mines. 





Canapian Enrverrrise in AusTratia.—The Depart- 
ment of Overseas Trade has received from H.M. Senior 
Trade Commissioner in Australia information which 
indicates that great efforts are being made by Canadian 
manuf. to s and extend the footing 
that they have of recent years gained in the Australian 
market. inent Canadian business men have 
arrived in the Commonwealth, bringing with them many 
tons of sam and have arranged an exhibition covering 
such varied lines as enamel ware, and plated 
tin ware, galvanised hollow-ware, electrical goods, metal 
lathing, tacks and nails, hand ps, @xes, cast-iron 
low-ware, tissues, leather , cotton cordage and 

webbing, jute, axe and other handles, house 
and verandah furniture, canoes and boat equip- 
paints and varnishes. The advantages of reci- 
trade have not been overlooked, and high-class 
and attractive Australian products will in turn be offered 
to the Canadian consumer. 


i 





Loss or Hzar rrom Tinnep Pires.—In a paper read 
before the American Physical Society last December, 
T. 8. Taylor described experiments on the heat losses 
from sheet tin as used in hot air and water pipes. He 
used three vessels, each 10 cm. diameter and 50 cm. 
long, filled with hot water and placed horizontally in a 
room free of draughts. The metal of the one vessel 
was bare, that of second was covered loosely with 
asbestos, and the third vessel was wrapped tightly with 
asbestos. It was found that the vessels cooled according 
to the yk Tay the see of . for the rate of 
goting from bare, loosely and tightly lagged vessels 
being 0 -0046, 0 -0066 and 0 -0077 vely. Thus the 
bare tin lost only 70 per cent. of the heat that the loosely - 
lagged vessel lost, and 63 per cent. of the tightly-lagged 
vessel. Hot-air furnace Pipes should hence not be 

. By pai the with aluminium or by 
dusting it with cool ashes the a was changed into 0-005 
or 0- ; the dusting had little influence on the cooling 
of the bare tin, , but it raised the a for the 
loose asbestos sheet,po 0 «0069. 





Tue Jorpan Execrro-Pyzumatic Oranze.—-By con- 
trolling the working and braking of cranes with aid 
of compressed air Franz Jordan, of Gross Lichterfelde, is 
said to have doubled the 
metallurgical works, where 
essential, while at the same 


expenditure. “Fine 


cost and his degree as 
pring, — Lpcpepe mern be ofa — jon 
on combination compressed 
erane operation. With eye ana he adds a i. 
r and a Schinfeld-J: air-brake governor 
(with slide valve gear) to the crane nt ; he 


employs 

motor such a way that the 
motor itself runs uninterruptedly in one direction, 
without being reversed, and is only stopped when the 
shop shuts down. A greatly accelerated service, H. Geit- 
mann says in Stahl und Eisen, of April 8 last, is obtained 
at low cost, and repairs, frequent with magnetic braking, 
are very rare. The pneumatic coupling was a few years 
ago opted for a 10-ton traveller which now raises 
its load at 14-3 m. minute and lowers it at 360 m. 
per minute ; the brake wheel has a diameter of 600 mm. 
and a rim width of 130 mm., and absorbs 800 h.p. ; the 
wear of the wooden brake blocks, which are lubricated, 
is very slight, and the cranes do more than twice their 
previous work. Another crane, in service day and 
night, is fitted with two electric motors for 7-5 tons 
and 4-5 tons respectively ; the 60-h.p. runs continu- 
ously, and the coupling can, independently of the brakes, 
sustain and arrest the load at any moment. 
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Pxeat-FrRine ON THE SwepDISsH Raritways.—In conse- 
quence of the diminished import of coal and the high 
prices of coal, the Swedish railways have for some time 
past been using their own supplies of fuel to a much 
greater extent t before, says Swedish Export. Besides 
wood, which has been used to a very large extent on the 
private railways, peat. has also been employed with 
success. The minor private railways in the South of 
Sweden, in particular, have led the way, but larger 
rail ways, too, have followed suit, as, for instance, a South 
Swedish private railway, with a mileage of 412 km., 
has found this fuel so practical that it considers it can 








Fic. 1. GENERAL VrEW or MACHINE, 
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entirely pass over to peat-firing and thus find 
a substitute for coal both for fast express 
and heavy goods trains. On this line 
the fuel (which corresponds to 17,000 tons 
of coal annually) has, during 1919, been 
peat and wood, while the consumption of 
coal has been brought down to only about 
100 tons in certain months. The State 
Railways also have adopted peat on a 
small scale for use with 

Railways have also had for some years past a factor 
working for the production of peat. powder, a fuel whic 


able difficulties. 








Fia.'3. Enp View sHowrnG Avxitiary CONVEYOR. 


slower trains. The State] is considered to be quite as good as coal, but the pro- 
duction of which on a large scale involves consider- 
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DOCK PROBLEMS. 

THERE is something a little tiring to an engineer 
in the apparently endless discussion and attention 
which are now being devoted to matters of trans- 
port. The problem seems invariably to be treated 
in terms of generalities. Admittedly, engineering 
details and policy cannot usefully be made the 
subject of public controversy, but an unending 
harping on generalities can equally lead to no 
solution of present difficulties. If the railways, the 
docks and other transport agencies of this country 
are to be brought to a higher state of efficiency and 
a paying basis, it will be owing to the detailed 
labours of skilled administrators and engineers, and 
not to the most brilliant essays in general terms, 
or the most persuasive expositions in hazy outline. 
The present difficulty at bottom is a very simple 
one. Labour is receiving much higher wages than 
it did a few years ago, and the machine as a whole 
has not had time to adjust itself. Quite apart from 
advances since the war, the remuneration of labour 
has risen very greatly in the last hundred years. 
The machinery of social intercourse, however, kept 
pace with it. Indeed, it was the improvement in 
the machinery which made the advance possible. 

These improvements owed nothing to politicians, 
or boards of directors. They were worked out in 
drawing offices and in the brains of engineers, and 
the same places are the only places in which a 
solution of our present difficulties can be found. 


a D. | It is in a technical direction that improvement must 
P 


lie, and technical improvements are brought about 
by the working out and application of much 
mechanical and scientific detail, and not by general 
conversations about electricity or oil. 

We are led to these preliminary reflections on the 
general and the particular by a consideration of the 
various papers which have been read before the 
newly constituted Institute of Transport. All the 


CONTENTS. contributions so far made have suffered from most 
Pons Pa@e | of the vices of generality. We do not wish to make 
Hy: , a ae ; 
Airstipe hCanaramette 811 fee. wt higuieale on ge any attack on the new institute on this score. It 
The Birkenhead. Works. of WACO - sercodcosvorrrenecdesee . 833 has sinned in company with much older brethren, 
Messrs. Cammel! Laird Literature ......... 


and Oo., Limited (IZus.) 812|| Booke Received...... 
The Institution. of Gas Industrial Notes 


BN QEWCOEE 60000. ccgseseqcrnsese 819 || Gear Cutting” 
The Parsons Marine The Determination of the 
Motors (ZUUs.)..-<00-eeceree 820 Loads on Cra 
Excavator for Trench Dig- “ Collision Dynamics ”...... 
(Sing (TUUS.) .....s000-0000-0- 822 || Manchester Steam Users’ 
Eye Protection in Welding || Association ......... «+. 


endbhococtiob sosedeossbadessdos 36 
Restoration of the Cerna- 
voda - Danube Bridge 
lorth...... 827 CHD) ho. bess crcccsesed.sicasees 837 
Notes from the South-West 827 || The of Holes, 
Notices of Meetings ......... 827 Cracks and other Discon- 
Dock Probl 829 tinuities in Ships’ Pla- 
The British Acetylene and tim, (TU U8.)  .eccerenseesseeees 840 
Weldi jon...... 830 || Molecular Energy in Gases bo 


Thermo- ricity and the WD "ibis cosddite costes 
Cavin of Metals ENGINEERING Patent Re- 


eusnenanedainenttasbentnan 831 COTE (T11U8.)  cecrererreveseeeee B45 

With Four One-page Plates of the BIRKENHEAD SHIP- 
YARD AND ENGINEERING WORKS OF MESSRS. 
CAMMELL LAIRD AND ©O., LIMITED. 














and it is able to put forward a more valid excuse 


yy | than most. It is natural that in an absolutely new 


institution covering the amount of ground ‘which 


ne Wheels 836 the Institute of Transport must cover, there should 


be a desire that the early papers should be of a 
somewhat general nature and should sketch out 
some of the problems with which the institute may 
expect to have to deal. This desire, if it existed, 
‘has now been to a considerable extent satisfied, 
and we trust when the institute takes up its work 
again in the autumn that it will be able to provide 
papers of a more specific nature. In speaking of 
the Institute of Transport in connection with the 
technical detail for which we have pleaded, we are 
;not falling into the error of thinking that it is aw 
“engineering society. It is not even a technico 
society in the ordinary meaning of the term, bu- 








that only makes careful avoidance of non-committal 
generalities all the more important. We are not 
pleading for engineering detail in the papers, but 
we are pleading for traffic and transport detail, and 
specific views or adequate data, on methods and 


ples. 

We have said that we do not wish to make any 
attack on the Institute of Transport in connection 
with the matter of dealing in generalities, and even 
less do we wish to make an attack on Sir Joseph 
Broodbank for the last paper presented to the 
Institute and read by him before it on the 14th inst. 
Having said this, however, we trust we may be 
permitted to suggest that it was of a somewhat 
indefinite and discursive nature. As it was the first . 
paper concerned with dock problems which had 
been presented to the Institute, a general review 
was allowable and even laudable, but we trust that 


__ | some of its followers may take on a more specific 


colour. In the paper and in the discussion which 
followed it there were some references to public 
interestin dock problems. It was suggested that the 


‘| lay press was apparently interested only in strikes 


and congestion. That the Institute of Transport 
should play to the gallery is the last thing that we 
would wish, but it may be suggested that the pro- 
ceedings of the Institute itself might form a most 
admirable medium for the education of the lay 
press and the public to a more intelligent view and 
knowledge of transport problems. These problems 
are complicated, but they are at the same time 
specific, and’ if the Institute will give us specific 
treatments of specific subjects it may do something 
to wean the public and the press from their idea 
that the only interesting features of traffic troubles 
are the spectacular ones. The more responsible 
part of the lay press has already displayed consider- 
able interest in the doings of the Institute of Trans- 
port.. Let that interest be exploited to useful 
ends. 

In our first paragraph we said that the essential 
problem of the day in transport matters was that 
the remuneration of labour had outstripped the 
capacity of the machine to make that remuneration 
square with finance. This leads to what appeared 
to us the most important part of Sir Joseph Brood- 
bank’s paper. Dealing with the constitution of 
port authorities, Sir Joseph pointed out that such 
bodies have a different constitution in almost every 
port in the country, but that, save incidentally in 
the municipal ports such as Bristol and Preston, 
labour has no representation on the board except in 
London. The Port of London Authority consists 
of 30 members, 17 of whom represent traders, and 
the remainder are appointed by Government 
departments, the London County Council, the 
Corporation of London and the Public Wharfingers. 
There are two direct labour members, one appointed 
by the Ministry of Transport and' the other by the 
London County Council. In both cases the appoint- 
ment has to be made after consultation with labour 
organisations. 

Sir Joseph stated that the experience of the Port 
of London Authority had been that the labour 
representatives concerned themselves practice’, 
only with questions of wages and the conditic“ of 
labour. Occasionally some interest was sh~™ ine 
question of management, but in general q! larger 
matters of finance, trade and accomn-“#tion were 
neglected. He stated that he did rt riticise this 
attitude of the labour representat*®*- ‘They ‘were 
ostensibly appointed to safeguxd the interests of 
labour, and from their own it of view they had 
acted rightly. 1f they had -werved from the policy 
which they had adopted stey would not have been 
recommended for reapyointment by their organisa- 
tions. They had been useful in explaining labour 
points of view to the Authority, and had sometimes 
been able to hold the ~? 7 hand be pene ape tay 
action. Apparentl e small ‘proport 
which bikers is represenited on the Port of London 
Authority, Sir Joseph is reasonably satisfied with 
this type of attitwde on ite part. A large propor- 
tional re tation he is not, however, prepared 
to consider, and holds that any popular representa- 
tion is quite out of place in a commercial under- 


His last proposition in general terms we are not 
prepared to dispute, but we are far from satisfied 
with the state of affairs he describes as existing in 
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connection with the two sitting labour members. 
Aecepting his account of that state of affairs, we 
cam only describe it as radically unsound. Labour, 
even fromthe pure labour point of view, does not 
best. serve its own interests by neglecting the 
‘‘Jarger questions of finance and trade and aceom- 
modation,” on which the prosperity not only of the 
port, but of labour itself, must ultimately rest. 
The correct atsitade nowadays is not one of ac- 
quiescence in this indefensible attitude, but one of 
inquiry into the possibility of engendering a sounder 
point of view. Sir Joseph’s paper was read in the 
year 1920, and we think he will be safe in assuming 
that any change which takes place in the constitu- 
, tion of port authorities subsequent to that year will 
show an increase, and possibly a considerable in- 
crease, in the labour representation. In these 
circumstances the continuance of the point of view 
which he describes may become a very serious 
matter. 

It is a fairly common experience that responsi- 
bility has a steadying effect both on individuals and 
communities, and we cannot but trust that wider 
experience on port authorities, or elsewhere; will 
enable labour men to, sooner or later, shake them- 
selves free from the narrow labour point of view. 
It is true that two labour representatives have now 
sat on the Port of London Authority for eleven years, 
and, according to Sir Joseph, they have lost none 
of their parochialism, but in defence it may be 
suggested that they have formed such a small 
minority that they may have feared to leave the 
particular patch of doctrine, or of interest, which 
they held it their first duty to defend. We think it 
is not too idealistic to suggest that the more power 
and with it the more responsibility which comes to 
labour, the more will it be enabled to embrace a 
wider view. In this idea we have the support of 
Sir Sam Fay, who may surely be described as a 
practical business man. Sir Sam Fay was in the 
chair at the reading of Sir Joseph Broodbank’s 
paper, and he referred very specifically to this 
point. He thought that labour would, as time 
went on, take a wider and wider view, and in illus- 
tration of its possibilities in that direction referred 
to the good work which many of its representatives 
had done on municipal bodies. 

Sir Sam went on to say that he would rather have 
labour inside dock boards. and similar authorities, 
than outside. He would even ratber have it 
against him inside than against him outside. This 
appears to us all very sound. We are in favour of 
no violent socialistic experiments, but as labour has 
already achieved much power and will clearly, 
sooner or later, achieve more, we are certainly in 
favour of working with it, and even stretching a 
point to work with it, if by that means it can be 
brought nearer to a proper realisation of the true 
basis of prosperity both for itself and for the 
country, We have already stated the essential 
problem for docks and all other transport agencies— 
the non-concurrence between the wage level and 
the work level. The simple issue is, of course, 
~eatly confused by questions of piecework, ca-canny 
haa the rest, but above and beyond all these one 

> ~ fact that the present machine and the 
present .othods were devised for a wage level alto- 
gether t from that now existing. The 

Present Wage>an only stand if by some means the 
work done camte brought to nearer consonance 
with the wages 

It is in this vital” . f 

satter that labour in authority 

onus help and must ‘elp. It eannot in general 
eve new methods ana new machines, but it can 
assist in the frank acceptince of them when they 
are devised. With a view ¢o, circumventing the 
labour point of view, labour-saving appliances are 


along with the future 
frank acceptance and a 
appliances, and this frank acceptance is much 

likely to be about by labour in the council 
chamber than by outside. 1t would probably 
not be going too far to suggest that Sir Joseph 
Broodbank would have had a different story to tel] 
if labour bad had a considerable representation on 
the Port of London Authority instead of a small 
minority. In any case, be that as it may, labour 





must recognise facts if we are to make progress, and | 


one way to make it recognise facts is to give it 


authority. 





THE BRITISH ACETYLENE AND 
WELDING ASSOCTATION. 

Ay aap paper was read before a meeting 
in Lendon of this Association held on Thursday, 
the 10th inst., by Mr. R. R. Butler, B.Se. We 
reproduce it in abstract on page 823 of the present 
issue. It gave the American rules for the use of 
welders using both acetylene and electricity, a 
brief history of the eye-protection means resorted 
to in the United Kingdom, an account of the work 
carried out, by different scientists in order to provide 


adequate eye-protection to industrial workers in | the 


hot metal, the experimental researches made by 
the author in the same field, and his conclusions 
to the effect that operators, and welders more 
especially, were not safeguarded, from the point 
of view of their eyesight to any appreciable extent 
by the glasses generally put at their disposal. 
In this connection, he recommended the formation 
of a central laboratory, among whose duties should 
be the early consideration of suitable types of goggles. 
The conditions as to make, sale, and use of these 
glasses were at present chaotic, and there was 
certainly’ room for some system of co-operation 
with manufacturers. By adopting a system of this 
nature, the welder himself would be assured of 
adequate protection, and there would be another 
step forward made in the direction of standard- 
isation. 

In stating that the paper was open for discussion 
by the members, the President, Mr. G. F. Mason, 
added that the author had made it evident that 
the subjects should be gone into most thoroughly, 
since he had clearly pointed out that there was 
danger in making use of the glasses which were 
available at the present time for the eye-protection 
of o 

The Chairman’s remarks were endorse by Mr. 
C. 8. Milne, past-president. The author had collected 
in the scope of his paper all the records available 
on glasses for industrial uses, and had detailed his 
own work on the same subject. The paper would 
prove of very great value not only to welders using 
the oxy-acetylene flame, and to those who worked 
with the electric arc, but also to men employed at 
furnaces in which high temperatures were developed. 
lt had very often been exceedingly difficult in the 
past to obtain good protective glasses. He (the 
speaker) would take up the optical considerations 
96 Pg by the author in order to prove to 

is men the value of an adequate eye-protection. 
On the other hand, it should be noted that one had 
frequently to carry on a kind of warfare with the 
men to get them to use glasses at all. One ex- 
planation of this might be that in several instances 
one was not always sure of having provided the 
right article. In this connection, the paper would 
prove a most excellent guide. 

The author was congratulated on his valuable 
contribution by Mr. H. G. Dixon, who asked what 
was the difference between a forge heat and the heat 
of the oxy-acetylene flame, or the heat produced in 
welding, from the point of view of danger to the eye- 
sight. In steel works large forgings were manufac- 
tured from ingots, steel was, also, kept in a molten 
state in the furnaces for a comparatively long 
period ; yet steel men were never seen weari 


5 


of glasses in this connection was liable to pro- 
evil results ; some steps should, therefore, be 
also to protect these men. 

©. Hoddle, who followed, expressed the 
i that the author’s work would result in 
ing the welders 
provided for them before, but these may 
been of the right kind. 1t was exceedingly 
get welders to wear their goggles, and. 
who were experts in carrying out 
would not touch them at all. 
Richardson, R.A.F., said that un- 
the question had hitherto remained 
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“| could be purchased made of blue elass 
‘| firms; it had been shown, however, that these 


the glasses they needed. Glasses. 





almost exclusively .in.the hands of. scientists, and 
had not reached the workmen. In this country 
the goggle industry was at a standstill. Goggles 
from several 


were of no practical value, and this pointed to a 
serious situation. There was no choice, no selection 
of coloured glass could be made, and the direct 
result was that the welder put his on one 
side. More work on the subject been done 
in the United States than on the Continent. In 
regard to the steel-making industry, the goggle 
makers had not been able to replace the goggles 
having cobalt blue glasses by others of a more 
suitable character, from the eye protection point of 
view, because the men were so trained in watching 
‘of the bath with the cobalt blue 

that ac would lead to the detriment. of the 
quality of the steel. The finish of American goggles 
was, also, much superior to that of the goggles 
made in this country, from the standpoints of 
insulation, adjustment and the grinding of the 
optical glass with which they were fitted. All 
these features were of a high class in the American 
article. There were thousands of goggles used in 
the United Kingdom, yet one never came across 
any advertisement from goggle makers, and no 
attention seemed ever to have been paid here to 
the subject. The paper, he thought, should be 
circulated largely among employers whom the 
question was likely to interest. 

The remarks of the previous speaker were 
endorsed by Mr. Waterhouse, who stated that 
matters were different in the steel-making indus- 
try. ‘There’ was a noticeable difference in the 
concentration of the eyesight, this was not so 
permanent in steel-making as in the making of 
a weld. In steel works, only the chargeman and 
the first hand resorted to glasses at all. These 
men were'so used to the deep cobalt blue screen, 
that a change would be disastrous from the stand- 
point .of the quality of the furnace charge. He 
(the speaker) had to supervise many welding opera- 
tions in tlie Goldschmidt process, and had always 
used a deep cobalt blue glass ; in these operations, 
again, the glass was only necessary when tapping 
the crucible for running-in the weld, there was not 
a continuous application of the eyesight on the work. 
He also had experience in the working of small 
are furnaces, for the making of ferro-alloys, and 
had found that a combination of cobalt blue and 
deep amber glasses formed a very soothing protec- 
tion, the two gave a dark green colour—the amber 
colour being on the outside and the blue on the 
inside. 

Mr. R. J. Moss thanked the author for having 
dealt so extensively with the subject. The hands 
of the employers having to carry out welding work 
might be said to have been forced hitherto; it 
was impossible to obtain any variety of glasses, 
and the only alternative left to employers was to 
worry the firms who could make them to supply 
the correct kinds of goggles. He (the speaker) 
had used avery dark ted-yellow-green screen, 
which also looked ‘a dirty purple,” and had found 
it most efficient. It was not possible in this country 
to buy goggles made of dark green glass. 

Mr. A. Hoddle askgd the author whether, in his 
researches, he had found the arc to be more harmful 
to the eyes than the oxy-acetylene flame, or vice 
versa. 

In the course of his reply to the discussion, Mr. 
Butler said that from the point of view of danger 
to the eyes there was no difference between a forge 
heat and that of a weld. But in the welding opera- 


.| tion, the welder’s eyes were concentrated at a close 
-}range on the flame and on the molten mass for 4 


le period, and this did not obtain in the case 
pry heat, In the latter case, also, the metal 
was heated to a semi-viscous condition only. 
The objection on the part of the men employed 
in steelworks to the wearing of goggles could be 
explained by the fact that these men had to walk 
about over the works, and the wearing of bulky 
goggles would have for effect to interrupt their 
vision. In this imstance, closeness of 

did come in, but not so much length of time. That 
only scientific men had hitherto dealt with the 
subject under review was only too true ; the men 
had not been taught, and he would have liked, 
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had that been possible, to have welders take part 
in the'meeting so as to receive from them evidence 
of a practical nature. “ With reference to the welding 
of aluminium, the flux had an effect, and as this 
contained potassium salts, the rays were different. 
In carrying out the open-hearth process, it was a 
fact that the colour values should not be obscured, 
and the point in this connection was to arrive at 
goggles which did not obscure the vision. With 
regard to a combination of amber and blue glasses 
for electric furnace work, he might mention that 
Bell, in America, had combined a reddish amber 
with a green glass, which stopped both the infra- 
red and the ultra-violet rays. It was a particularly 
dense combination, but it covered both ends of the 
spectrum. As to whether the are of the oxy- 
acetylene flame was the more dangerous, he would 
say that the vote went invariably to the arc. 

At this point, Mr. Britten expressed the view 
that the Association might get into close touch in 
the matter with the Society of Glass Technology, a 
suggestion which was received favourably by all 
members present. The Chairman, at the close of 
the proceedings, congratulated the author on his 
exhaustive research work. He felt sure that one 
of its results would be that makers of goggles 
would have their attention called to the subject 
through the medium of the technical press, and that 
they would welcome at least, the opening pointed 
out to them for increasing their business. 





THERMO-ELECTRICITY AND THE 
CONDUCTIVITY OF METALS. 

Wuen Sir Joseph J. Thomson delivered the May 
lecture of the Institute of Metals, five years ago, 
on the “Conduction of Electricity through Metals*,”’ 
he emphasised the fact that the gas-kinetic electron 
theory due to Riecke, Drude and himself, in its 
primary form, scarcely seemed to concord with 
actual facts. In order to arrive at a better approxi- 
mation to the truth, the distinguished natural 
philosopher took up the deductive method, pro- 
ceeding from the assumption that each metal atom 
contains an electric dipole. With these words— 
we do not quote quite literally—Professor Carl 
Benedicks, of the University of Stockholm, opened 
this year’s May lecture of the Institute of Metals 
on “ Recent Progress in Thermo-electricity,” which 
he delivered in the lecture hall of the Institution of 
Mechanical Engineers on June 10. Proceeding in 
a different way, he stated, he had deduced, from the 
existing data on the conductivity of metals and 
alloys, conclusions concerning the mechanism of 
electric conduction in metals. His essential point 
was this: Metallic conduction is not to be ascribed 
to an “electron gas,”’ filling up the space between 
the atoms, the metal acting as a cage for the 


electrons, but is due to the passing of electrons from | 


atom to atom at the moments of the incessant 
collisions of the atoms which we assume, for other 


reasons, to oecur even in solids. Without entering | 


into much theoretical detail Dr. Benedicks outlined 
his considerations and demonstrated the experiments 
which have led him to his “ phoretic electron theory 
of metallic conductivity.” What the phoretic 
theory means, we will indicate in our conclusion. 
When the electric conductivity of metals was first 


plotted against the atomic weight, the curve obtained | 


was very irregular; silver and copper occupied 
quite exceptional positions, and the electric con- 
ductivity did not seem to fit into the periodic system 
at all, partly, it was suggested, because the metals 
examined were not pure. But on the phoretic 
hypothesis the electric conductivity k should be 
referred, not to the centimetre cube (as was done), 
but to the same number of atoms, such that ky, = 
k A/S, where A is the atomic weight and S the 
specific gravity; the curve then becomes more 
regular. On that hypothesis further a metal, the 


atoms of which are endowed with a high oscillation- 


frequency », should conduct better than one of 
low »; the » are known, and when the conductive 
capacity C is defined by C = kat/v, this C will be 
@ measure of the readiness with which the atoms 
take up or give up electric charges. When we plot 
the C against the atomic weight, the electric con- 


* Enquvemenmie, May 21, 1915, pages 577-579. 








ductivity of the metals well conforms to the periodic 

better indeed than any other property of the 
elements. The alkali metals are found to have 
the highest conductive capacity, and they are known 
also to possess the highest electric affinity in their 
aqueous solutions, being most ready to give off 
electrons and to form positive ions; thus high 
electrolytic and high metallic conductivity go 


At very low temperatures, as studied by Kamer- 
lingh Onnes, metals become super-conductors, 
becauge—Dr. Benedicks suggesis—-the atoms then 
come into permanent contact (agglomeration). He 
can.also account for the Joule effect, which, De- 
combe pointed out in 1914, the ordinary electron 
theory does not explain. But there is a draw- 
back. One of the great achievements of the older 
theory was its explanation of the proportion- 
ality between electric conductivity and thermal 
conductivity (Wiedemann-Franz). Dr. Benedicks’ 
phoretic theory fails here, unless a further, very 
special hypothesis be accepted: the high thermal 
conductivity of metals of high electric conductivity 
is the result of an ‘“‘inner Thomson heat.” ‘“ As 
in a heterogeneous conductor of variable tempera- 
ture an increased equalisation of temperature occurs 
owing to the Peltier effect, so there should, in a 
homogeneous conductor likewise be an increased 
temperature equalisation on account of the Thomson 
eftect ; the electric currents assumed, though very 
strong, would be local micro-currents, the existence 
of which had hitherto not been discovered.” In 
fact, the possibility of such currents was in contra- 
diction to the law of Magnus, that in a homogeneous 
metal, whatever the temperature distribution, 
thermo-currents do not exist. After five years of 
research Dr. Benedicks has arrived at the con- 
clusion that this law cannot be maintained. 

Perhaps we had better put the problem plainly. 
The question is broadly whether temperature 
difference and heat flow always go together with 
potential difference and electricity flow. Though 
Franklin and Cavendish observed, with the aid of 
an electroscope, in 1769, that, when a hot and a cold 
bar of the same metal are brought into contact, the 
cold bar assumed a positive charge, and though 
Ritter noticed a flow of current under these con- 
ditions in 1798 with the aid of the galvanometer of 
those days, a pair of frog legs, the study of thermo- 
electricity is practically a century old, and began 
with Seebeck in 1821. Seebeck himself performed 
a great variety of experiments; he was followed 
by many distinguished scientists, and one may, 
in fact, say that most of the many new thermo- 
electric effects of the late decades are rediscoveries 
of forgotten observations of the past century. Three 
effects stand out prominently. When two metals 
are joined in a closed circuit, and the one junction 
is kept warmer than the other, the positive electric 
eurrent runs through the hot junction from the 
metal of greater thermo-electric height to the metal 
of lower thermo-electric height. Professor Benedicks 
did not refer to this rule and the height scale, on 
which lead (thermo-electrically insensitive) marks 
zero, while bismuth is highly negative, and selenium 
highly positive; the convenience of this nomen- 


| clature is that in the Peltier and Thomson effects— 


the two other prominent effects—a current “ running 
down” generates heat, and a current “ going up” 
absorbs it. When an electric current is sent round 
the circuit of two metals, the junction is heated or 
cooled ; it depends upon the metal (Peltier, 1834). 
When the circuit consists of portions of the same 
metal, the portions differing as to diameter, stress, 
&c., there is also heating or cooling (W. Thomson, 
1856). 

In briefly reviewing these investigations Dr. 
Benedicks distinguished three periods: A first 
period, 1821 to 1838, of active, somewhat uncritical 
experimenting; a second more critical period 
up to 1885, which finally accepted the law of Magnus, 
1856, that no thermal current would occur in a really 
hom metal, all apparent deviations being 
ascribed to impurities and to physical or chemical 

ity ; and a third period, since 1898, which 
questions the law of Magnus. Professor Benedicks 
is the most eminent opponent of the law, and he 
demonstrated the reasons for his dissent. 

His first experiment was one of Seebeck’s. Two 


strips of metal (copper and constantan) are 
posed ; in the left half A B the strips are in direct 
contact (soldered), in the right half B are 
separated by a foil of mica; when they are 

at B, the end A becomes hotter than the end.C. 
The explanation is* that the Peltier effect transfers 
heat from Bto A. If that explanation be correct for 
one homogeneous metal, Dr. 


subdivided conductor should have a smaller thermal 
conductivity than the block of the same undivided 
metal, He proved this with the aid of calorimeters ; 
a solid cylinder of copper and a bundle of copper 
wires of equivalent cross-section were both heated 
by contact with a block of copper, and both had 
calorimeters at the other ends. Carefully eliminat- 
ing the many possible sources of error he found the 
conductivity of the divided copper to be up to 
10 per cent. less than that of the undivided cylinder, 
whilst subdivision is not sup to decrease the 
electric conductivity of a metal, These and other 
experiments further support a parallelism between 
the heat conductivity and the Thomson coefficient 
of a metal, as pointed out by Radakovic in 1907, 
The same parallelism appears in the next experiment. 
A rectangular strip of copper is vertically suspended 
in a horizontal magnetic field; the strip is heated 
along the right half of its upper edge and cooled along 
the nght half of the lower edge. The temperature 
gradient will, owing to the local closed circuits, not 
be symmetrical, Dr. Benedicks stated, with respect 
to the middle line of the strip, and the strip is 
deflected when the field is turned on. The inter- 
pretation is difficult, and Ettingshausen and Nernst 
interpreted a similar experiment in a different. way 
as a kind of Hall effect. However, Dr. Benedicks 
showed a thermal motor of this type, consisting 
of an upper and a lower ring of electrolytic copper ; 
the motor turned about its vertical axis in one 
direction when the upper ring was heated, and in 
the other direction when the lower ring was heated 
by a small gas jet. 

Passing to another series of experiments, Dr. 
Benedicks first heated a fine platinum wire (0+1 mm. 
diameter) by passing the flame along it in order to 
show, by the absence of currents, the homogeneity 
of the wire (Trouton’s method), He then attached 
a globule of powdered quartz and sodium silicate 
to the wire; heating the wire now to the right or 
left of the globule he produced ourrents of opposite 
directions, proving that the globule had introduced 
a thermal asymmetry. We do not quite understand 
how this experiment can establish the reality of 
thermocurrents in a homogeneous metal, Secbeok 
had attributed such currents to the local hardening 
and softening of the heated wire ; Fleeming Jenkin, 
in a very interesting British Association Report, 
1862, had proved that oxide films, especially between 
two heated crossed wires, would set up thermo- 
couples of considerable intensity. Before meeti 
the general objection of the influence of oxide 
films in crossed wires Dr. Benedicks explained that 
he increased his asymmetry on the “ tion” 
(constriction) principle, either by placing two 
globules of the kind mentioned close to one another, 
leaving a short length of colder wire between them, 
or by crossing two wires or rods of the same metal, 
graphite, &c., so that the cross-section would be 
very much reduced at the point of contact, near 
which he heated the one or the other leg. He 
suggested that graphite could hardly be oxidised 
and that when he welded two very fine platinum 
wires together at the crossing point, no oxide film 
could intervene; both these statements may be 
questioned. He relies chiefly, however, on the 
thermo-electric effect observed in mercury. Mercury 
is a liquid, as such free of internal stress, and 
obtainable in high purity; there it should be 
possible to decide whether the assumed Thomson 
effect is not after all merely a Peltier effect. Many 
experimenters have taken this latter view; but 
very careful experiments made with mercury in 
vessels of glass, or other materials, so 
that hydrostatic-pressure stress could not arise, 


‘have convinced Dr. Benedicks that there is a thermo- 
electric effect in pure homogeneous mercury, and 
‘that it is of negative sign, as it should be. The 
effect is moreover proportional to the third power 


of the temperature, which is theoretically important, 
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whilst it should be proportional to the first 
in a heterogeneous circuit. 

Having established that there is a homogeneous 
thermo-electric effect, Dr. Benedicks sought to 
determine whether there was inversely also a homo- 
geneous electrothermic effect more general than the 
Thomson effect, as one should expect if the analogy 


power 


of the phenomena were complete. In the Peltier. 


effect an electric current gives rise to a temperature 
difference and a heat transfer, even if the tempera- 
ture be originally uniform throughout the circuit ; 
in the Thomson effect, on the other hand, the 
electric current seemed to produce a temperature 
difference only when there was a temperature 
gradient from the beginning. By a long series of 
experiments on various metals and alloys mercury, 
graphite, &c., Dr. Benedicks convinced himself 
that the analogy was complete. In his first experi- 
‘ ments he again applied the constriction principle, 
taking crossed wires or wires turned down to smaller 
diameters in the central portion, or mercury in 
constricted tubes, sending a current through the 
circuit and looking for the establishment of a 
temperature difference on the opposite sides of 
the strictures. The difference observed u was found 
to be proportional to the current 7 itself. The 
difficulty of the observations was that the current 
would, of course, itself heat the circuit, especially 
at the points of contact or of reduced cross-section. 
Fortunately theory proved that this new effect and 
the resistance heating should be of the opposite 
sense and that, for some metals, the new effect 
becomes zero at a certain temperature, afterwards 
changing sign. Plotting the wu against the i, Dr. 
Benedicks found that the curve for gold starts 
positive and becomes negative with increasing 
currents ; the opposite holds for platinum, whilst 
in the case of graphite the curve is positive through- 
out. Studying the influences of various factors, 
including the length of the constricted portion in 
wires up to 5 m. in length, he finally observed the 
new electrothermic effect even in a long wire of 
uniform cross-section, a result which may look 
surprising, but which ix in accord with his theory. 
The complete analogy of the thermo-electric and 
electrothermic effects in homogeneous and hetero- 
geneous substances had thus been established, and 
two new (or formerly doubtful) Renedicks effects 
have been demonstrated : a thermo-electric and an 
electrothermic effect in a homogeneous circuit of 
one substance originally at uniform temperature 
throughout. 

To account for these effects, especially those 
observed in perfectly homogeneous and uniform 
conductors, Dr. Benedicks has to assume that the 
amount of heat transferred by an electric current 
in a long conductor is not constant. As we proceed 
in the direction of the positive current, that quantity 
of heat must either increase or decrease, according 
as the heat transfer is in the positive or negative 
direction; otherwise no homogeneous electro- 
thermic effect could be observed. That brings us 
back to the phoretic electron theory upon which 
Dr. Benedicks touched only briefly. If the electric 
charges be carried by the atoms and be not free, 
the increase in the kinetic energy of the atoms, 
and hence the heat generated, must be equal to the 
work done and must be proportional to 7, whether 
the atom in question preferentially assume a positive 
charge or a negative charge. That preference is not 
unimportant in other respects, however. Supposing 
an atom inclines to assume a positive charge e. 
Let it rebound between two atoms 1 and II, and let 
a potential difference V be established such that the 
positive current flows from I to II. In position I 
the atom will assume a positive charge; owing to 
that charge it will be accelereted on rebounding 
until it reaches TI and gives up its charge, to be 
reflected at now constant velocity. On colliding 
with I again, it is again accelerated, and soon. In 
this mechanism of conduction the average kinetic 
energy of the atom in position 11 must be greater 
than the average energy at I by a constant amount 
eV /2, and that signifies that the. temperature in IT 
must be higher than in I. Similarly it may be 
shown that for atoms inclining to assume a negative 
charge, the temperature would increase in the 
direction of the negative current. The former case 
would be that of platinum and of constantan, the 





| latter that of copper. Copper would be inclined 


to take up electrons, to associate them, platinum 
be inclined to discard electrons, to dissociate them ; 
lead, in which there seems practically to be no 
thermo-electric effect, would as readily associate as 
dissociate electrons. 

We have given expression to criticisms of Dr. 
Benedicks’ views. We need not point out that he 
is a distinguished metallurgist,, who has not over- 
looked the objections raised, and a very skilful 
experimenter ; he had no assistance in his many 
successful demonstrations last week. There was no 
time for mathematical deductions. We only hope 
that these thermo-electric researches will be per- 
severed in. The study df thermo-electricity seems 
pre-eminently to be fitted to reveal to us the real 
nature of the phenomena of heat and electricity. 





OIL FUEL INSTALLATION ON THE 
“ AQUITANIA.” 

At the present moment there is but little need 
to urge the advantages of oil over coal as fuel for 
steamship propulsion, and if any such need existed 
the fact that our premier steamship company have 
considered it worth while to lay up their largest 
vessel for a period of nearly eight months to enable 
the conversion from the latter to the former fuel 
to be effected is ample evidence that such advantages 
really exist. The main considerations which 
affected the decision of the Cunard Company to 
equip the Aquitania for oil fuel burning were the 
great saving in labour and the increased regularity 
of steaming in comparison with coal firing, but the 
change will doubtless give some increase of speed, 
and it will certainly add to the cleanliness and 
comfort of the ship. 

We have already illustrated and described the 
ship and its machinery very fully in our ninety- 
seventh volume,* so that it is only necessary to 
remind our readers that she was built by Messrs. 
John Brown and Co., of Clydebank, and is propelled 
by Parsons type turbines directly coupled to four 
propellers. The turbines are of 60,000 h.p., and the 
average speed is 23 knots. Steam is supplied by 
21 double-ended Scotch boilers, working under 
Howden forced draught and having eight furnaces 
each, so that 168 furnaces in all have been equipped. 
The boilers are arranged in seven groups of three 
each. Two groups are placed in each of three 
forward boiler rooms and the after boiler room 
contains one group only. 

The work of reconditioning the ship has been 
carried out at the Armstrong yard of Messrs. 
Sir W. G. Armstrong, Whitworth and Co., Limited, 
at High Walker-on-Tyne, which has recently been 
very fully described in these columns. The vessel 
itself is, in fact, visible on the extreme right of 
Fig. 3, on Plate XX, which accompanied our issue 
of March 19 last. The work has involved the 
reconstruction of the original coal bunkers for the 
storage of oil, for which purpose all the bunker 
bulkheads have been specially stiffened and all 
joints have been made oiltight. In most cases 
stout double-riveted joggled plate straps have been 
fitted over the plate landings. Alterations to the 
plating and riveting of all steam pipe trunks and 
passages which penetrate the cross-bunkers, have 
also been necessary. Wash bulkheads have been 
fitted in all bunkers to diminish the effect on the 
oil of the ship’s motion. The side bunkers, which 
extend for the whole length of the boiler rooms, 
about 369 ft., are 18 ft. wide for the greater part of 
their length, diminishing to 6 ft. wide at the forward 
ends. These tanks are divided into two groups by 
the anti-rolling tanks, which occupy a length of 
32 ft. Oil is also stored in three large athwartship 
bunkers, one of which is placed forward of No. 1 
boiler room, one between boiler rooms Nos. 1 and 2, 
and the other between boiler rooms Nos. 2 and 3. 
Six double-bottom tanks under the No. 2 boiler 
room have also been arranged for oil carrying, the 
total capacity in the vessel being 7,800 tons, which is 
sufficient for the double journey across the Atlantic 
and the oil can thus be shipped at New York. 
Of the total quantity, 5,200 tons will be carried in 
the side bunkers, 1,900 tons in the athwartship 





*See EnGIneertne, vol. xcvii, pages 619, 655, 678, 
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bunkers, and the remaining 700 tons in the double- 
bottom tanks. The side tanks and the double- 
bottom tanks have been fitted with steam-heating 
coils to increase the fluidity of the oil in cold weather, 
and in settling the proportions of these coils, allow- 
ance has been made for the use, in the future, of 
oil of higher viscosity than that at present employed. 
There are no heating coils in the athwartship 
tanks, as their situation between the boilers will 
keep the oil at a sufficiently high temperature. 
Four settling tanks, each of 60 tons capacity, have 
been constructed in each of the athwartship storage 
tanks, and two settling tanks of similar capacity 
have been incorporated in the side storage tanks 
on both sides of the vessel at the after end of the 
No. 4 boiler room. The arrangement, it should be 
noted, gives two settling tanks for each group of 
three boilers. ‘ 

The oil used is Mexican petroleum residue having 
a flash-point of 168 deg. F., which is 18 deg. higher 
than the minimum requirements of the Board of 
Trade in this respect. It is burned on the White 
system, in which the oil is sprayed by pressure only 
without the use of compressed air. The oil is, 
however, heated on the way to the burners by pass- 
ing through steam tubular heaters. 

The system is the invention of Mr. W. A. White, 
and the burners, as well as the pumping and heating 
installation, have been supplied by Messrs. Brigham 
and Cowan, of South Shields. A duplicate set of 
pumps and heaters has been provided for each 
group of three boilers, so that there is very little 
risk of a shut down owing to failure of this part of 
the installation. In general it may be stated that 
exceptional care has been taken in the pumping 
and filling arrangements in the ship to avoid the 
possibility of breakdown. Suction and _ filling 
mains of 8 in. bore run along on both sides of the 
ship for the whole length of the boiler rooms. In 
each boiler room these mains are cross-connected, 
and shut-off valves are provided to enable the 
system of one boiler room to be completely isolated 
from the others. 

Four connections to the filling pipes are provided 
on each side of the vessel, and by this means it will 
be possible to take on board the whole fuel supply 
in 6 hours from a tanker fitted so that all four 
connections .can be used simultaneously. Using 
only two filling connections, 2,000 tons of oil has 
been bunkered in 4 hours at the Armstrong yard. 
This is, of course, a matter of very great importance 
in that it renders it possible, if necessary, to turn 
round the ship in less time than would be required 
for bunkering coal. One of the chief advantages of 
oil fuel is, however, the avoidance of the loss 
of steam which occurs with coal fuel from cleaning 
the fires. It is calculated that, in the case of the 
Aquitania, in which the practice was to clean 28 fires 
in each watch, the loss from this cause amounted 
to about 8,000 h.p. every 4 hours. Qil fuel can, 
of course, be supplied continuously and a constant 
pressure of steam maintained at all times; this 
should have the effect of increasing the speed of 
the vessel as well as of reducing the boiler repairs. 

It may be interesting to recall the fact that the 
Aquitania left Liverpool on her maiden voyage 
on May 30, 1914, and completed the journey to 
New York, a distance of 3,181 miles, at an average 
speed of 23-1 knots. The return journey was 
made at an average speed of 23-45 knots. She had 
just completed three round voyages when war broke 
out, and the vessel was immediately converted into 
an armed cruiser for patrol work. She afterwards 
served as a hospital ship, and later was used as a 
transport for the conveyance of American troops. 
After the armistice she was employed for the 
repatriation of troops and in passenger traffic, so 
that it was not possible to lay her up for recon- 
ditioning and conversion to oil-fuel burning until 
the end of last year. Messrs. Armstrong must 
certainly be congratulated on the completion in such 
@ comparatively short space of time of the large 
amount of work involved. It can easily be imagined 
that the pipe work alone formed a very serious 
item in the contract, but in addition to the work of 
conversion for oil burning, Cumberland apparatus 
has been installed for protecting the boilers and 
condensers from corrosion, and the opportunity has 
been taken for extending the passenger accommo- 
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dation and redecorating the vessel generally. There 
can be little doubt that the new features will be 
greatly appreciated by the travelling public when 
the vessel resumes her ordinary duties. Her first 
voyage under the new conditions will commence 
from Liverpool on July 17 next, and, although no 
special attempt at record-breaking will be made, 
it will be extremely interesting to see what effect 
the new oil fuel installation has on the speed of the 
vessel. 





NOTES. 
ConnEcTING-Rop Botts. 

It is doubtful if any technical institution, in this 
or any other country, has given such close attention 
to the practical details of the craft with which it is 
concerned, as has the Diesel Engine Users’ Associa - 
tion. Many communications have been read and 
discussions held on such matters as the design of 
connecting rods, pistons, &c. The most recent 
point to be dealt with has been connecting-rod bolts, 
a subject which was discussed at the last and at 
previous meetings. In the course of the discussion 
some interesting points were brought forward by 
Mr. Charles Day. Mr. Day stated that the stresses 
which caused trouble with connecting-rod bolts 
might be divided into those due to excessive friction 
of pistons, those due to improper tightening of the 
bolts and those due to slack bearings. In con- 
nection with the manufacture of bolts he advocated 
the heat-treatment of the bar instead of the heat- 
treatment of the bolt, since the bar being of uniform 
cross-section internal strains were avoided. When 
bolts were heat treated there was danger of internal 
strains occurring at the bottom of threads or at 
other parts where change of section took place. 
Mr. Day described a method of marking bolts so as to 
permit of accurate measurements being taken 
which would show at any time be they had stretched 
or twisted. 


Batui-BEARINGS FOR HorsE VEHICLES. 

In our issue of May 28 last, on page 715 anle, 
we illustrated and described the construction of 
some ball-bearing hubs for horse-drawn vehicles, 
made by the Skefko Ball Bearing Company, 
Limited, of Luton. Since then we have witnessed 
some trials of these hubs made at the London Aero- 
drome, Hendon, and it may be of interest to give 
some particulars of these trials to supplement the 
information contained in our previous article. To 
compare the starting effort required with plain 
bearings and ball bearings, two four-wheeled delivery 
vans were employed, the vans being exactly similar 
in all respects, except that one was fitted with plain 
bearings and the other with Skefko ball-bearing 
hubs. The vans were tested on the smooth, level 
floor of some covered tennis courts, and the van 
with plain bearings was found to require a starting 
effort of 8] Ib. when loaded with 15 cwt. Under 
similar conditions the ball-bearing van required a 
starting eftort of only 57 ib., and when the load in 
this van was increased to 30 cwt., the starting effort 
was only 77 Ib. In another test, on a different part 
of the floor, the van with plain bearings and a load 
of 30 cwt. required a pull of 110 Ib. to start it, 
while the ball-bearing van, under exactly similar 
conditions, started with a pull of 46 lb, This greatly- 
reduced starting effort is obviously of considerable 
importance in parcel delivery work in which the 
vehicle is stopped and re-started at frequent inter- 
vals. A further series of tests was made to dernon- 
strate the advantage of the ball-bearing hubs in 
hill climbing. These tests were carried out on 
Greyhound Hill, near the Aerodrome, with single- 
horse and pair-horse box delivery vans, and also 
with contractors’ tipping carts. Two carts of each 
type were provided, one having plain hubs and the 
other ball-bearing hubs, and, to determine the effect 
on the horses, the pulse and respiration rates of the 
animals were measured both before and after each 
journey up the hill. The horses and vans were then 
interchanged, by attaching a horse first used with 
a plain-bearing cart to one of the carts with ball- 
bearing hubs, and vice veraa, and the measure- 
ments were then repeated. The complete results 
are not yet available, and it is difficult, in 
any case, to present them in terms appreciated 
by engineers. ‘The fact that the ball-bearings 


reduce the strain on the horses can, however, 
be shown by one example. The pulse and respira- 
tion rate of the horse attached to the plain- 
bearing tip cart with a load of half a ton were 
46 and 16 respectively, before the climb; and 
82 and 40 respectively, after the climb, whereas the 
corresponding figures for the horse drawing the tip 
cart with ball-bearings were 76 and 30 after the 
climb. The improvement is, of course, due 
entirely to the reduction of axle friction; no form 
of bearing can reduce the vertical component of 
gravity against which the horse has to work, nor 
the rolling resistance due to the character of the 
road surface. Inasmuch as these two sources 
of resistance constitute such an important per- 
centage of the total resistance which a horse has 
to overcome in the performance of his daily work, 
it is not to be expected that a large reduction in 
the total amount of that work can be effected by 
the employment of ball-bearings. It should 
nevertheless be pointed out that the more level 
the roads traversed and better their surfaces, the 
more important will be the reduction of resistance 
which will result from the use of ball-bearings, and 
in any case it is certainly desirable to avoid ex- 
pending animal energy in overcoming resistances 
which can be reduced materially. 


LITERATURE. 


—_>———_ 
By Watter Rosennary, B.A., 
, Superintendent of the Department of 
Chemist at the 
Seton ind sokeouiy, Second edition, y 
re-written. London: Constable and Co., Limited. 
1919. [Price 12s, 6d, net.] 
ELEVEN years have elapsed since Dr. Rosenhain 
published a description of glass manufacture, and 
in that period much has been effected, both by those 
practically concerned in the industry and by 
research and experiment in the laboratory, to 
improve the manufacture and to promote the 
progress of the glass trade. Like may other 
industries that of glass has felt the pressure of the 
times, and has recognised that science and produc- 
tion should be associated in intimate alliance. 
This book, by its wide and illuminating survey 
of the general procedure, should attract public 
attention and strengthen the support necessary to a 
resuscitated industry. It is not addressed princi- 
pally to the manufacturers of glass, but rather to 
the users of glass. In non-technical language, it 
explains how certain results are produced, the 
difficulties that attend many of the operations, and 
the means by which they have been overcome. 
An authoritative account is the more 
because the increased attention given to the subject, 
in consequence of being thrown on our own resources 
owing to the altered conditions of trade, has widened 
the circle of operations and introduced an improved 
technique. On the one hand, we have been com- 
pelled to produce glass of special qualities, and on 
the other, processes that met with common approval 
have become obsolete and have been superseded by 
others more economical and more scientific. 
Two cases of a very different character tend to 
limit the description of the procedure. Many 
manufacturers having achieved a successful result 
by experiment, believe their interests best served 
by keeping the process as secret as possible. On 
the other hand, operations that have been public 
property for many years, defy complete explanation 
from a strictly scientific _Standpoint, notwith- 
standing the labours of opticians, 
theoretical and practical. In such instances, we are 
in face of an accumulation of empirical data which 
“while they have been productive of great direct 
practical results have left the science of glass still 
in a very elementary condition.” The public, who 
are unwilling to believe that a substance so common 
as glass conceals any secrets, will not readily 
subscribe to this view. Accustomed to think of 
glass as a transparent, hard and brittle body, its real 
nature and constitution are overlooked, and some 
mental effort is required to regard it as a “ structure- 
lesa solid” or a “ congealed solution” in which a 
number of chemical substances are mutually 
dissolved. The process of “co ” as 






































































or rearrangement of molecules, but simply an 
increase of viscosity till the body behaves like a 
solid. Forces or operations of a very complicated 
character are at work during cooling, however, and 
the outcome is not always that the manufacturer 
expected or desired. Some of these c such 
as that known as “ devitrification,” in which the 
process of crystallisation is manifested, admit of 
explanation on physical grounds, but others more 
subtle have hitherto baffledinquiry. Dr. Rosenhain 
suggests two significant illustrations which should 
offer a strong incentive to further investigation. 
No one has been able to explain the relation between 
chemical composition and the physical properties 
of refraction and dispersion of light. Practically 
unlimited experiment has resulted in producing 
some kinds of glass particularly suitable for o 
investigations, but no law has beon disco that 
enables the optical qualities to be predicted from a 
known chemical combination. Equally inexplicable 
are some of the mechanical problems encountered in 
manufacture, such as the roughing of a glass surface 
when brought into contact with metal. A well- 
known instance occurs in the process of rolli 
Other peculiarities need explanation, and great 

be the reward that will attend ultimate success. 
But one great difficulty stands in the way of all 
such researches. The behaviour of small quantities 
of molten glass, as treated in the laboratory, differs 
greatly from that observed in the large volumes 
handled in commercial undertakings. The influence 
of furnace gases, of rapid cooling, of contact with 
containing vessels, are all ‘‘ enormously exaggerated 
if ounces, instead of hundredweights, or tons, of glass 
are used for experimental purposes.”’ 

The object of the author is to supply, in addition 
to the description of the manipulative operations, 
the principles governing each, and as far as possible 
this plan has been pursued, but these elementary 
facts connected with the chemistry of glass explain 
the impossibility of carrying out this programme in 
its integrity. But the occasional omission of 
theoretical information has not prevented the 
production of a very instructive book, that was much 
needed in the revival of the industry. It covers a 
wide ground and presents the salient facts in an 
interesting light. Two introductory chapters on 
the chemical and physical properties of glass inform, 
or remind, the reader of the limitations imposed on 
manufacture, and of the efforts made to remove 
those restrictions. The range of bodies that can 
be obtained in the vitreous state is small, and the 
scope of the glass-maker is practically confined to 
varying the proportions in which the materia's, 
usually silicates and borates are used. But every 
alteration entails a change in the behaviour of the 
product, both during the process of manufacture 
and in subsequent use. In ordinary life, we are not 
accustomed to regard glass as subject to changes, 
other than breakage, yet moisture and carbonic acid 
act on glass to a measurable extent, especially if an 
excess of alkali is used in the making. Very 
ordinary observation will show the effect of the 
deposition of crystals of carbonate of soda on 
“soda” glass. That corrosive liquids should attack 
glass is more easily apprehended, but except due 
precautions are taken, their action is less vigorous 
than that of alkaline solutions, which have the 
power of abstracting the silica. Water under steam 
pressure is an active corroding agent as the gauge- 
glass tubes on steam boilers too frequently ° 
Glass exposed to strong sunlight, and more especially 
to ultraviolet rays, undergoes a change of colour, 
but here we are on the borderland of the unknown 
and the cause of the change is one of the matters 
that remains obscure. 

Another limit to the choice of materials is imposed 
by the cost and rarity of the ingredients. Trans 
and storage have also to be considered as controlling 
the selection on the commercial side. Further, the 
amount of impurities mixed with the raw material 
is highly important, for owing to the prized quality 
of transparency in many kinds of glass, defects of 
colour are very objectionable and can be easily 
detected. A chapter devoted to the description of 
the most suitable materials shows that the choice is 
fairly extensive, and the sources whence these may 
be derived, widespread. In this connection it is 
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potash deposits of Stassfurt were cut off, successful 
attempts were made to produce, without potash, 
tliose kinds of glass in which the use of this in- 
gredient was thought to be indispensable. Only 
optical and decorative glass suffered slightly by the 
substitution of soda for potash. 

The materials used in the construction of pots 
and crucibles in which the glass is melted call for 
the same care in selection as those that enter into 
the glass itself. Under favourable circumstances 
the life of a furnace is not long, and in its process of 
deterioration, the condition of the furnaces exerts 
no small influence on the quality of the output. 
The subject of “refractories” is becoming one of 
enormous importance, and in its limited application 
to the glass trade deserves the careful consideration 
Dr. Rosenhain has bestowed upon it. Leaving on 
one side all minor details, the main consideration 
that determines the choice of a suitable refractory is 
the position it will occupy in the furnace. Those 
parts that come in contact with the molten glass 
will be constructed of “fireclay,” or a silicate of 
alumina, because this material, though not com- 
pletely immune to the dissolving action of the fused 
glass, is capable of offering a very considerable 
degree of resistance. On the other hand, silica 
brick, which is energetically attacked by the liquid 


glass, can only be used for the roof and upper part, 


of the walls and even here the dust and escaping 
vapours will in time effect a chemical combination 
and consequent deterioration. The effect of fluxing 
impurities in the refractory clay is not negligible, 
but like unequal shrinkage and expansion, or crack- 
ing and “spalling,” these are details that must be 
decided by the circumstances prevailing in each 
individual case. It may be added, however, that all 
attempts to determine generally the refractory value 
of a clay in terms of the ratio of silica and alumina 
and to the amount of the fluxing oxides present, 
have met with little success. 

The importance of a proper choice of refractories 
recurs in discussing the construction of the most 
economical form of furnace. The author states that 
in many cases the refractories employed are not 
capable of resisting the temperature they would 
attain if fully exposed to the internal heat, about 
1,500 deg. C., and to prevent a collapse, the walls 
are purposely made thin and air-cooled. The 
efficiency of the furnace is thus deliberately sacrificed 
on account of indifferent or unsuitable material 
used in the construction of the furnace. Another 

int in furnace construction is often overlooked. 

t is possible to make the walls too thick under the 
impression that thermal efficiency must be improved 
by preventing the passage of heat from the interior 
to the external surface, overlooking the fact that 
increased thickness implies increased exterior 
surface, and more heat may be lost from the increased 
surface than is saved by the greater resistance 
offered by the wall. 

The mechanical process of grinding and thoroughly 
mixing the ingredients and supplying the mixture 
to the furnace, whether pot or tank, is easily under- 
stood, and the necessity appreciated, but the 
chemistry of fusion or the reactions which occur 
in the heated furnace are not known in complete 
detail. Of the nature of the intermediate products 
that are formed on the application of heat practically 
nothing is known, and we can only argue*back from 
the end result. A mixture of sand, carbonate of 
soda and carbonate of lime in known proportions, 
submitted to considerable heat will undergo changes 
that can be followed with some exactness. At high 
temperatures the silica acts like an acid and attacks 
the carbonate of lime, and probably the carbonate 
of soda, which heat alone cin hardly decompose. 
The order of the reactions and the conditions that 
secure technical success are alike uncertain, but the 
final result is the expulsion of all carbon dioxide 
except what may be contained in the bubbles trapped 
in the molten glass, which are removed in the 
process of “fining.” The reactions are further 
complicated by the introduction of arsenic or of 
nitrate of soda. How the arsenic acts is very 
obscure, but the action of the nitrates is apparently 
to provide a supply of oxygen, which destroys any 
organic matter present, oxidises the iron, and acts 
mechanically in expelling the small bubbles of gas, 
which are too inert to be carried off by the larger 





air bubbles. If the reactions here are doubtful they 
become more indistinct when other materials are 
added to accomplish desired results. We may 
omit the apparently incongruous insertion of a 
potato into pot-made glass, probably due in the first 
place to an accident. In the case of soda-lime glass, 
however, charcoal or anthracite is introduced with 
the view of bringing about the rapid decomposition 
of sulphate of soda, but little is known of the 
successive steps of the process. To discover the 
character of the intermediate products, much more 
experiment, both difficult to conduct and expensive 
to enter upon, is urgently needed. 

The manipulative dexterity of the glass worker 
does not really enter into the manufacture of glass, 
and we leave the technical details with regret, for 
the description of the glass blower’s expertness gives 
an enhanced interest to the volume. The necessity 
for annealing in all manufactured articles is explained 
with great care, and will be followed with eagerness. 
The ingenuity displayed in the production of blown 
and pressed glass, the formation of sheet glass from 
blown cylinders, the process of “ flashing ” and the 
use of coloured “ glazes,” all the outcome of many 
centuries of experience, are handled with the skill 
of a master and the adroitness of an expert. The 
details of the various processes are placed before 
the reader in a picturesque and fascinating manner. 
For those who want to know the principles that 
govern the various methods and would follow the 
manufactured glass from the furnace till it becomes 
a wineglass or an artificial gem, a paving block to be 
trodden under foot, or an ornament in a cathedral 
window, will hardly find a more pleasant guide 
through the labyrinth of processes, that ingenuity 
has suggested or science perfected. 


Mathematics for Engineers. 





Part Il. By W. N. Ross, 
B.8c.Eng. London: Chapman, Hall and Co., Limited, 
1920. [Price 13s. 6d.] 


By claiming in ‘his preface that his two volumes 
‘‘embrace all the mathematical work needed by 
engineers in their practice and by students in all 
branches of engineering science,” the author of the 
volume under review gratuitously introduces a 
standard of comparison which, if accepted, would 
necessarily result in a very unfavourable verdict. 
Those interested, for instance, in hydrodynamics 
or in the mathematical theory of elasticity, or in 
wireless telegraphy, will find not a word on the 
solution of partial differential equation of the 
second degree, and those interested in dealing with 
tabular matter, and in methods of approximate inte- 
gration and differentiation, will have to seek else- 
where than in the author’s treatises an adequate 
introduction to the calculus of finite differences, 
and the surveyor will find the author’s treatment of 
the method of least squares far from sufficient for 
his needs. Indeed, the “normal equations’’ of 
Gauss are not even mentioned, and in all the 
examples chosen there is but a single variable 
involved. Moreover, we note that the proof given 
of the form of the probability function is credited to 
Kelvin instead of Herschell, its true author. 

Having made these adverse comments, which are 
merely the meed due to the author’s extravagant 
claims, the book can be recommended as an excellent 
introduction to the differential and integral calculus, 
the methods of exposition being such as to commend 
themselves to the man who means to use mathe- 
matics as a working tool, though we are quite 
prepared to learn that they excite the horror of the 
mathematical purist. For our own part we would 
have gone further than Mr. Rose, and based the 


subject frankly on the doctrine of infinitesimals of ms 


different orders. 

The writer uses graphic methods to explain the 
object of the differential calculus, and the plan has 
distinct advantages; but certain points in the 
author’s exposition appears open to criticism. Thus 
he assumes (see Fig. 6 of his treatise) the practic- 
ability of differentiating a badly-determined ex- 
perimental curve, thus repeating the blunder of 
Professor Karl Pearson when he proposed to deter- 
mine the stresses in a masonry dam by differentiating 
an experimentally determined curve, the ordinates 
of which were, on his own confession, uncertain to 
the extent of 20 per cent. All engineering students 
should be warned most emphatically that the 
differentiation of an experimental curve is legiti- 


mate only when the form of the function in ques- 
tion is known from theoretical considerations, or 
when the curve is exceptionally well determined. 

The subject of integration is introduced with 
the remark that it is ““ without doubt more difficult 
to comprehend” than differentiation. Our own 
experience is precisely the reverse of this, although, 
of course, it is true that in theory the operation is 
more difficult to effect. In practice the reverse is 
often the case since even a very roughly determined 
experimental curve can generally be integrated 
with considerable accuracy, whilst its differentiation 
may be wholly impossible. Both here and in the 
section on the differential calculus the author 
includes more theorems than are generally given 
in elementary works on the calculus, but treats 
almost exclusively of functions of one independent 
variable only. The methods of demonstration are 
excellent from the standpoint of the engineering 
student, and there are numerous examples and 
illustrations based on problems which may arise in 
practice. There is a short section dealing with 
simple differential equations. Unfortunately, many 
that arise in practical problems are far from simple, 
and a caution to the effect that most differential 
equations cannot be solved in a finite form might 
save the ambitious student hours of futile labour. 
The chapter on Harmonic Analysis will be found 
distinctly useful. 
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INDUSTRIAL NOTES. 

THE agreement arrived at in the Sheffield strike and 
to. which we referred. briefly in our last issue, was 
dated the 9th inst., and is briefly as follows :—All 
workmen on strike or lock-out to resume work on the 
same system of payment and conditions of employment 
as those which ruled prior to May 29 last. An armistice 
of six weeks, ending on July 24, is decided upon. The 
National Amalgamated Union of Enginemen and Fire- 
men, acting by itself and a from any other union, 
to submit to the Industrial Court of Arbitration the 
main question at issue, namely, as to whether the men 
eoncerned should be paid by the hour (or week) or by 
the shift. It is understood that the classes of men 
concerned are boiler firemen, crane drivers, loco. and 
engine drivers, shunters, and hammer and press drivers, 
employed in heavy steel rolling mills, forge and 
shops, with the addition of gas-producer men, = 
crane drivers, slingers, stationary engine men and 
service men attached to the: same departments. No 
victimisation to take place on either side, This agree- 
ment was brought about by a Mediation Committee 
formed by local, neutral trade unions; it was signed 
bythe said committee and by representatives of the 
employers and of the National Amalgamated Union of 
Enginemen and Firemen. The Rotherham electricians 
returned to work following upon the said agreement. 
The Sheffield strike lasted ten days, and is estimated 
to have involved a loss of £500,000. 





The Minister of Labour is intervening in the gas- 
workers’ dispute, and has invited both sides of the 
Joint Industrial Council for the industry to meet 
him for endeavouring to arrive at a settlement. A 
conference was held in London on Tuesday between 
the employers and the’ men, but mo agreement was 
come at. 





At the close_of a meeting on the 9th inst., of the 
Executive of the Miners’ Federation, Mr. V. Hodges, 
the secretary, issued the following statement :—‘‘ The 
Executive has had under consideration the question of 
the relation of wages to the recent increase in the price 
of coal, and also the question of the high cost of living. 
It was resolved that the conference should be asked 
to-morrow (the 10th inst.), to instruct the Executive 
to examine carefully the data relating to the finances 
of the coalmining industry which is about to be pub- 
lished’ by the Coal Controller, with a view to securing 
an advance in wages for the miners, and that a special 
day should be allocated to the discussion of the Execu- 
tive Committee’s report during the annual conference 
of the Federation which is to be held at Leamington, 
commencing July 6.” Mr. Hodges. added that the 
Executive had been assured ‘that the Coal Controller's 
statement on the finances of the industry would be 
produced next week. This,'he said, was the first time 
such a statement had been issued under the Limitation 
of Coal Profits Act. After the meeting on the following 
day, the following recommendation was issued :— 
“ This Conference instructs the Executive Committee 
fully to examine the data relating to the finances of 
the industry about to be published by the Govern- 
ment, with a view to formulating a demand for an 
advance in wages; a special day to be set aside at 
the annual conference, which commences at Leam- 
ington on July 6, to consider the report of the Execu- 
tive and determine the amount of the advance.” 





On Thursday, the 9th inst., the Typographical 
Association handed in notices to expire in a fortnight, 
which cover machine-minders and compositors all 
over the country, excepting London, The demand is 
for an increase in wages of £1 per week, the employers 
offering an increase of 10s.,. which has been found 
insufficient by the men. The Typographical Associa- 
tion has taken action independently of the Printing 
and Kindred Trades Federation, which is pursuing its 
own course, and ‘is conducting its own wages move- 
ment. Last Friday, the Federation of Master Printers 
issued the following announcement :—‘ Negotiations 
with the unions connected with the printing trade have 
been in progress for some time, and last, week a pro- 
visional agreement was reached with the Printing anj 
Kindred Trades Federation and the employers’ organi- 
sations whereby increases of 10%. per week for men 
and 3s. 6d. per week for women would come into effeet 
this week if ratified. The By phical Association, 
one of the unions affiliated to the i 
Trades Federation, declined to be represented at the 
conference, and although the same offer was conveyed 
to its executive the latter recommended its rejection 
when referring it to a vote of the members. The advice 
of, the executive was followed, and as a result of the 
vote strike notices have now been tendered through- 
out the provinces, This action of the Typogrephiosl 
Association is! regarded asa breach of its obligations 
as member of the Joint Industrial Council of the 
printing industry, one of the clauses in the constitution 
of which provides that any disputes shall be referred to 


inting and Kindred | already 








London and Séotland are not in the area in which the 
Typographical Association operates, and will not be 
affected by the steps taken by this union. Ireland is 
not included, with the exception of Belfast. The mem- 
bers of the other trade unions in the printing industry, 
which number over 20, have been strongly advised by 
the executives to accept the offer made, and there is 
every prospect of this advice being followed. A special 
meeting of the Joint Industrial Council has been con- 
vened for Tuesday, the 15th inst., in London to consider 
the unconstitutional action taken by the Typographical 
Association.” 

In London, a ballot is taking place on the offer of 
a 10s. increase above referred to. 

At the meeting last Tuesday it was decided to urge 
upon the Typographical Association and the Em- 
ployers’ Federation to arrange for another conference 
at which representatives of the Printing and Kindred 
Trades Federation would be t.. Further, the 
Typographical Association undertook to recommend 
to its ecutive Council the withdrawal of strike 
notices and the embargo on overtime. 





We have received information to the effect that the 
Twickenham . Government Instructional Factory 
strictly confines its attention to the different branches 
of the engineering trades; it is an engineering work- 
shop, run on the most modern lines, and with the latest 
machinery. The men are divided into those who are 
admitted for a course of 13 weeks in the factory, after 
which they receive a further 39 weeks in employers’ 
workshops, and those whose period of instructional 
factory training is usually six months, which may be 
extended to twelve months, and who are not regarded 
as improvers until they have completed 18 months’ 
training either in the factory or in employers’ work- 
shops. The latter represent the men suitable for train- 
ing as skilled craftsmen, whether fitters, turners, 
skilled universal millers, etc,; the former, the semi- 
skilled workmen. The minor machine operators (or 
the semi-skilled workmen) learn to operate a single 
machine, whilst the skilled men have a more thorough 
and a more general course of training. The selection 
of the trainers is vested in a Technical Advisory 
Committee, upon which employers and employees are 
represented in equal Bi soning and this Committee 
further acts in an advisory capacity on all matters 
relating to the efficiency of training. The training is 
carried out on productive lines. The manager (Mr. E. 
Martin) accepts contracts for his factory in exactly 
the same way as an ordinary commercial firfi. The 
jobs turned out must pass the usual engineering tests. 
Most of the contracts accepted by the factory are for 
the small parts of motor-cars, and the management, 
in order to get a variety of work for the trainees and 
avoid repetition, endeavours to secure a large number 
of small contracts rather than a bulk order for a single 
line. Some of these contracts involve more than one 
machine operation. One operation is performed by one 
trainee and the job is then passed to another traineb 
for the next operation, and so on. 

The utmost possible consideration is given to the men 
in view of their disabilities, but rightly the factory has 
no room for the new work-shy and the slacker. - The 
trainees work to the clock; each job has its operation 
ecard. Bad time-keeping is dealt with by a reasonable 
system of deductions. The men realise that. training 
must be taken seriously and understand that these pre- 
cautions are resorted to in order that conditions of 
training may be rendered as similar as possible to the 
conditions in which they will findjthemselves in the 
ordinary workshop. 





A report for the year 1919, on the commercial and 
industrial situation of Sweden, prepared by. H.M. 
Consul at. Stockholm, states that the question of unem- 
ployment was not really serious in Sweden during the 
war. It was, however, somewhat serious during the 
first three months of 1919, but by July unemployment 
had practically ceased, and since then there been 
a good demand for labour. The Riksdag passed, in 
September, the Eight-Hour Bill, limiting the hours of 
work, with, certain exceptions, to 48 per week. This 
Act camé into force on January 1, 1920, and employers 
were inclined to fear that the decreased working time 
would mean decreased output and raise still higher 
the price of Swedish export products, which were 

alarming] high. The miners had requested 
that a proposal be laid fore the 1920 Riksdag limiting 
the daily work of miners to 6 hours. There was at 
present a movement towards the so-called industrial 
democracy, several enterprises in Sweden having 
interested themselves in the question of co eye 
between employers and labour on matters such as the 
observance of labour laws, disputes, methods of work 
and introduction of new machinery. The present 
Government programme included a promise to investi- 
gate the measures for such co-operation between 
employers and workers in industry, as it was intended 











to give the workers a position which would secure them 
an influence on the conditions of labour without, 
however, encroaching on the right of the employer to 
have the economic management of the enterprise. 
The Government pointed out that there was no question 
oto. step in the direction of socialisation. There ‘had 

Vy rises in since 1913, and the average 
number of days Wethed duting 1918 was 274, as com- 
pared with 286 days in 1913. Some of men's 
average yearly wages quoted are given as follow: 
Metal and engineering, 73/1. in 1913 and 146i. in 1918 ; 
woodworking, 54. in 1913 and 109, in 1938 ; building, 
862. in 1913 and 142/. in 1918; power, light and water 
installations, 721. in 1913 and 157/. in 1918; transport, 
671. in 1913 and 1517. in 1918, 





The report for June of the United Society of Boiler 
Makers and Iron and Stee! Shipbuilders states that the 
saga of manning pneumatic riveting tools had been 
the subject of consideration. between the Shipbuilding 
Employers’ Federation and themselves, and the 
Union’s representatives were of opinion that it was 
& matter for their members to decide by vote as to the 
number of men employed in each squad operating the 
tool. At present it was customary to operate the tool 
with one riveter, one holdér-up and heater, and the 
question was as to whether or not they should have an 
additional member in each sq The Union's 
pneumatic riveting agreement provided for a reduction 
on hand rates of 25 per cent. if the work was screwed 
up ready for riveting, and for a reduction of 15 per 
cent. if the work was screwed up by the squad. e 
members who had experience in operating the machine 
should be best able to judge for or against another 
member in the squad, and no doubt they would be 
able to voice their opinions in their Seenabes There 
was also the question of em . Tf each machine 
was manned by a full squad this would absorb a con- 
siderable number of additional members. On the other 
hand if the screwing up, which was usually done by 
older members, was done. by the full squad (if that were 
decided upon) this would reduce very much the means 
of employment for these members. The suggestion 
that a full squad should operate the machine had been 
put to the Employers’ Federation, and they advised 
the Union that on their understanding the present 
agreement was based upon the, squad of one riveter, 
one holder-up and boy, and as the Union had just 
renewed a slightly amended agreement on this question 
it might be necessary to have the matter» further 
considered with them should the members decide that 
in all cases there must be three of the Union members 
operating the machine. In the t the Union had 
had district arrangements for full squads on, this 
machine, but for reasons known to the members 
operating the machine this measure was far from satis- 
factory to the members directly concerned, and it 
had been contended that with members in the 
squad it would be necessary to have full hand rates 
for the work. This would be a difficult claim to obtain 
from the Employers’ Federation. The question was a 
very serious and important one for the members from 
many points of view, and realising the difficulties of a 
general alteration of the customs now existing the 
Union asked the members to give full consideration 
before deciding the issue. Votes would be taken at the 
August monthly meetings. 





We are informed that a proposal to demand a further 
increase of 5s. per day in wages of railwaymen is to 
be brought before the annual meeting of the National 
Union of Railwaymen at Belfast, which will open on 
July 5. The resolution to be submitted is in’ the 
following terms : “ That in view of the constant increase 
in the cost of living during tho last two years, which 
increase has in no way been met corresponding 
increase in wages, and seeing that 4/. 10s. per week 
is the minimum upon which railwaymen ean live and 
es a family apon with any degree of comfort, and 
without making any allowance for luxuries, we decide 
to forward a demand to the Ministry of Transport for 
an increase of 5s, per day for all our adult members 
employed on railways, and request a reply from the 
Ministry by July 26; we further decide that in the 
event of the demand not being conceded by the above 
date, the general secretary shall arrange for this body 
to meet on July 27 in order to consider the matter 
again.” 





“Tams Catepon Wetrare Macazine.”—This is a 
new works journal, issued by the Caledon Shipbuilding 
Company, Limited, Dundee. The first number, for June, 
includes a g notices of the social activities of the 
firm, an article on the ethics of se by 
Lieut.-Col. E. A. Berrisford, M.O., t of the 
Oxford University Boating Club, contributions on motor- 
eyeling, athletics, allotments, the effect of mechanical | 
inventions on the working-man, boy-life in China, with 
two La a Rp eae —_ to women. The e 
is pu on the Caledon Shi ding 
Company, by the Industrial Welfare Society. 
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“COLLISION DYNAMICS.” 

To tae Eprror or ENGINEERING. 
S1n,—Tresidder is no new name on us in armour-plate 
theory, and the captain well knows the importance of 
eyes at any such experimental work, however small 


The statement on page 292 of Canon Moseley’s “‘ Illus- 
trations of Mechanics,” of the experiment of firing a 
tallow candle from a musket or shot through a barn 
door, not @ ta) from a rifle barrel, is interesting for 
bo ar Sy cage ae 7 ie Bg a gwen The result 

pends on t ngth the candle, temperature 

the material and thickness of a barn door, 
and the striking velocity, and indirectly on the range. 

The triviality of the experiment was brought out, 

711, intentionally, by the contrast with Bertram 

opkinson’s method of firing a bullet at a steel rod or 
plate, as an illustration of the same dy ical principl 

on @ nobler scale. 

But it was a challenge to our coperimenteltt well 
known for manual dexterity, and proper scientific 
attitude of incredulity to statement, until the actual 
test had been made of a physical fact, whenever possible. 

And there was nothing in the statement of the experi- 
ment in ‘ [llustrations of Mechanics ” to prepare him for 
the most striking feature of the result, where he found 
hirnself bespattered with tallow from head to foot. 

The reverend Canon cannot have performed the experi- 
ment himself, or else he must stand convicted as @ 
practical joker. ; 

As for the new law O wy em by Captain Tresidder 
in @ statement of words, the quantitative results are 
implied in the al 
theory is sup’ to be verified in a small scale experi- 
ment of firing a bullet through a wooden block, suspended 
as a ballistic pendulum in § 19, or else through some 
wet clay on the block. In this way we imitate armour 
plate trials on a small scale; and proceed to ar, 
thence on the laws of mechanical similitude to the 
result to be expected in actual full size. Here, as else- 
where, it is prudent cover should always be taken, as we 
see, even in the barn door experiment. 

The new law is contained as a corollary on the prin- 
ciple of momentum, and does not require a separate lon, 
statement in words. There is a maxim in medisv: 
science, it goes by the name of Occam’s razor: Hntia 
non sunt multiplicanda 9 ea necessitatem. 

ours sincerely, 
G. GrReENeILL. 





© 


Staple Inn, June 14, 1920. 





To tae Eprror or ENnGIngERING. 

Sin,—A few weeks ago you kindly inserted a letter 
of mine about the meaning of ‘‘ Energy ’’ (see page 490 
in your issue of April 9), and now there appears, on 
page 792, a very interesting example of what I had in 
mind when [ last wrote to you. 

Here are parts of two sentences: ‘‘ The wer 
exerted, being work/time, remains constant,” ‘‘the 
aay’ it exerts (that is the energy it expends divided 

y the time it takes) . . . is constant .. .”; 
and [ suggest that it would be better to stick to Rankine’s 
definition, viz., ‘‘ Energy means capacity for performing 
work,” and “conservation of energy means that the 
e exerted is equal to the work performed,” than to 
think of energy as a thing that can be ! 

As was said by “ No. 5,’’ whom [ quoted in my previous 
letter, ‘‘ Energy never did PAEES 

ours truly, 


June 12. “* MECHANIC.” 





«“@EAR CUTTING.” 
To tae Eprror or ENGINEERING. 

Srr,—I have only just noticed in your correspondence 
column Mr. Roger Schweich’s letter regarding above 
subject, in your issue of May 21, and in consequence 
beg to apologise for the delay in replying to his criticism. 

ith regard to my comparison of the Citroen and 
Gleason type of spiral bevels, I wish to make it —— 
clear that my comparison was only intended to apply to 
rear axle drives and the like, and not to engineering 


generally. 

Dealing with the question of smooth running, where 
smooth running is the only condition imposed upon the 
design of the gear, that is, where one is not tied for 
size and strength, and possibly cost, I quite agree with 
Mr. Schweich, and in fect I should be one of the first 
to advocate the double helical type. In the case of a rear 
axle drive, however, lightness and size consistent with 
ample strength is of first importance ; it is therefore not 

ng that the designer resorts to all possible means 
of eliminating the unnecessary and wasteful. 

As I have previously said, the whole object of usin 
helical teeth is to overlap the pitch within the face wid 
of the gear, in order to avoid shock of teeth entering 
into en t. Further, in the case of a rear axle 
drive the face width is not u: ually made more than one- 
quarter of the apex distance. 

In the case of the Gleason type the desired effect can 
be obtained with a spiral angle of approximately 30 deg., 
but in the case of the Citroen type the necessary overlap 
must be accomplished in approximately one-half of the 
face width, thus making it necessary to adopt a spiral 
axle whose tangent is ~ Lg oapcege 4 twice that of the 
Gleason spiral angle. This has the effect of reducing the 
normal thickness of the tooth considerably, which in turn 
reduces the strength, and the increased Yongsh of tooth 
only partly compensates for this. It appears therefore 

to have a in the case of the double 
, ical 


W . 
helical bevel gear, it is to be remembered that even with 


braical formule of § 23, where the |i 





the straight bevel, and also with the double helical, it is 
to provide means of taking up the thrust load, 


referred in appreciative terms to the work of the staff. 
and usually, due to constructional considerations, it is 


The object wi Sir William Fairbairn and others had 
in foundi the association in 1854 was to prevent 
































































as ne sr for this to be larger than is actually | explosions careful periodical inspection, and the 
required for the loading (this is borne out by the state- | committee believed there was as much work to be done 
ment contai in the last paragraph of Mr. Schweich’s | and need for the association’s existence to-day as ever 


letter). So that if one has already to provide means of 
taking | thrust in the straight type and this not loaded 
to its full capacity, it follows that this part is eminently 
suitable for taking the extra thrust im by the single 
helical type, even if a slightly larger size is required, but 
this extra thrust must certainly taken into account 
when designing for single helical gears. 

In comparison with the two the point at issue 
then seems to condense to this : re pee tina 
larger thrust bearing or larger gears ? i ion, 
I think, will lead to the pom of the smallest gear con- 
sistent with equal strength, which in my opinion lies 
with the single helical, by aren as this type does give 
smooth running equal to the double helical, 

Yours faithfully, 
BERNARD SHIRLEY. 

39, Linwood-road, Handsworth, Birmingham, 

June 4, 1920. 


there was. There should be no such occurrence as a 
boiler explosion, and inspection was the preventative 
of accidents, and certainly paid the owner the best in 
these days of excessive cost of material and fuel. The 
association did not accept boilers as a “risk,” but the 
main object was, firstly, thoroughly efficient inspection 
and, secondly, guarantee or insurance against accident. 
Explosions, the chairman said, frequently occurred 
from steam vessels, steam pipes, flues, &., as well as 
from boilers, and the members would do well to have 
these adjuncts to their boilers placed under the asso- 
+3 "s 2. +5. 





The resolution was seconded by Mr. James 8. Addison, 
director of the Calico Printers’ Association, Limited, 
and was unanimously ado . 
esa yon my oa were : arr 7. their services for 

ie past year and were elec or the coming year, as 
were also the association’s auditors. 

One of the members present, Mr. Herbert Bright, 
of Messrs. John Bright and Brothers, Rochdale, urged 
that something should be done to secure that when 
they bought coal they should have some guarantee of 
quality. uch of the coal coming into works came in 
without any test whatever, and it would be well if the 
association could put some pressure on the coal owners 
to sell the coal according to some standard. Another 
member suggested that coal should be put upon a 
standard of calorific value, which was almost the general 
system in the United States. At present, steam users 
were powerless, and they had reaily to burn what in past 
times, if sent along, would have to be raked out again 
as of no use, but only absorbing labour and leading to 
cost in the removal of ashes. 

In reply the Ce acey said that the times were abnormal, 
and it was difficult to get anything done, but the matter 
should receive the attention of the committee when the 
proper time came. He added, that the association was 





«THE DETERMINATION OF THE LOADS ON 
CRANE WHEELS.” 
To tHe Eprror or ENGINEERING. 
Sre,—I trust that you will permit me to reply as below 
to the criticisms advanced by Mr. Padfield in his letter 
dated June 5, 1920, published on page 792 of your last 


issue. 

In the worked example relating to Fig. 1, it was 
clearly stated that the results given were on the 
assumption that all four wheels were bearing load. It is 
difficult to conceive that a four-wheeled crane would rest 
for any appreciable time on two diagonally opposite 
wheels, as suggested by Mr. Padfield. If, however, there 
is reason to suspect that through inequalities of the track 
the crane would bear on only three wheels, the method 
of finding the wheel loads is given in Fig. 4. 


With regard to the al or underhung type of crane | 4) to mak al f fuel if desired b 
referred to by Mr. Padiield, it would appear thet he hes| the Sache. One Snmvece Of foal i y 
overlooked fact that there are two moments to be 





considered, the planes of which are ara anna 
and perpendicular to the track. This problem is 
a pees to that of a very short column eccentrically 
loaded, and also to the unsymmetrical bending of beams. 

In the case of cranes having more than four wheels, 
it is obvious that the elasticity of the carriage will some- 
what affect the distribution of wheel loads. On the 
other hand it is clearly impossible to obtain expressions 
for the loads covering all probable departures from the 
ideal conditions. 

The assumptions underlying the expressions (5), (6) 
and (7) have been stated, and these formule are therefore 
put forward as working rules, having as close a degree 
of accuracy as is ible in view of the indeterminate 
nature of the problem. In applying these expressions 
to any particular example, it is necessary to take account 
of the extent to which the prevailing conditions agree 
with the assumptions involved. 

Yours faithfully, 
E. L. Montaeyon, 

6, Ashmead-road, St. John’s, 8.E., June 12, 1920. 


ROYAL METEOROLOGICAL SOCIETY. 
Te last monthly pent | of this society for the 
present session was held on Wednesday, the 16th inst., 
at the Rooms of the oy Astronomical Society, Bur- 
Eneton Haven, Mr. R. H. Hooker, M.A., President, in 


e : 
Mr. W. H. Dines, F.R.S., brought forward a paper on 
“The Ether Differential Radiometer.” This instrument 
has been designed to measure the radiation from the sky 
after sunset. It consists of two glass test tubes con- 
iatuing ots and a few drops of ether, and connected by a 
glass U-shaped tube containing ether to serve as a 
pressure ge . Each test tube is provided with a 
movable shield which protects it from draughts and allows 
radiation from one direction only to fall upon it. It is 
used by first directing radiation from the sky upon one 
of the test tubes and then radiation from a “ black ”’ 
body at a known temperature. The known temperature 
is adjusted until the change has no effect upon the 
pressure gauge, and when this is the case it may be 
assumed that the radiant energy absorbed by the test 
tube from the sky is the same as that from the black 
body whence the radiation from the sky is found by a 
table. The equivalent radiation oe of the sky 
is often below 0 deg. F., and a me’ is shown by which 
in this case the sky radiation can be found without the 
use of freezing mixtures. This is done by compensating 
the small radiation from the sky by the excess of radiation 
from a hot body so that neutral effect is obtained. The 
method, of calculation and of making up the results is 





MANCHESTER STEAM USERS’ ASSOCIATION. 

THE annual meeting of this association was held at 
the Offices, 9, Mount-street, Manchester, on Tuesday, 
prere 8, the president, Mr. Harold Lee, J.P., in the 
chair. 

The report stated that at the close of 1919 the total 
number of boilers under inspection showed a satisfactory 
increase over the previous year and was the highest 
on record. The revenue also was fairly well maintained, 
and, with the exception of that for 1918, also constituted 
@ record. 

The gross total of boiler examinations in 1919 was 
22,256, and of these 11,331 were ‘‘ Internal,” ‘‘ Flue”’ 
and ‘‘ Entire.” No boiler underinspection and guarantee 
burst during the year, and the committee were glad to be 
able to again state that no life had ever been lost by 
the explosion of a boiler from any cause which the 
association could or ought to have prevented. 

The mishaps from overheating of furnaces showed 
& reduction in number. Cases of grooving of furnace 
flanges—a sure sign that the feed water is either sedi- 
mentary or greasy, and that the boiler is overworked, 
were fairly frequent, but these defects were now causing 
little anxiety, because they could easily be made good by 
electric welding, which was proving to be extremely 
useful for repair work. 

As a matter of interest it was mentioned that the 
association’s chief engineer had been elected a b 
of the General Committee of the British Association, 
and had also had the honour of O.B.E. conferred upon 
him for services in connection with the war. 

The report stated that the operations of the Boiler 
Explosions Acts, 1882 and 1890, appeared to have been 
more extensive during 1919, asthe number of explosions 
coming to the association’s notice had been much greater 
than during the past few years. The association had 
amy ee occurring outside its ranks -_ losions, 
killing 18 persons and injuring 33 others. O 20, 
killing 10 persons and injuring 19 others, may be termed 
boiler explosions ‘‘proper,”’ and 17, killing 8 persons 
and injuring 14 others, may be termed “‘ miscellaneous ”” 
explosions from steam vessels of various types. Thirt 
Board of Trade reports have been issued, four of which 
dealt with formal investigations. No orders for costs 
were made in any case. 

The chairman, in moving the adoption of the report, 


ven. 

A second paper by Professor 8. Chapman, F.R.S., and 
E. A. Milne, B.A., was read, entitled *‘ The Composition, 
Ionisation and Viscusity of the Atmosphere at Great 
Heights.”” In the stratosphere, owing to the absence 
of large-scale mixing, the different constituents of the 
atmosphere must tend to separate out by diffusions, so 
that the composition varies with the height ; in particular 
well-known calculations have shown that, on the usual 
assumption of the presence of free hydrogen, the atmo- 
sphere above 150 & must consist almost entirely of 
hydrogen. The authors criticise this assumption; an 
examination of the evidence renders uncertain the actual 
existence of this hydrogen atmos , and the authors 
accordingly recalculate the variation of composition with 
height on the assumption that hydrogen is absent ; 
in this case helium, the next lightest element, is the 
predominating constituent above 100 k. The results 
are then to make an estimate of the depth to 
which a, 8, or y radiation arriving from an extra- 
terrestrial source would penetrate atmosphere. It 
appears that the range of a icles would extend 
down to about 80 k—some 20 k below the auroral 
zone. In the case of 8 and y radiation it is found that 
the maximum absorption, and consequently the maximum 
ionisation should occur at height of about 50 k and 25 k 

tively ; in each case the region of a) iable 
i tion would be confined to a layer of 35 k thickness, 
and the unexpected result emerges that the layers would 
be comparatively sharply defined at their under surfaces, 
which practically coincide with the positions of the 
maxima. These estimates have an re pyarvary | bearing 
on recent theories of the existence of ionised layers in 
the atmosphere. Lastly, attention is directed to the 
fact eee heights, though the coefficient of 
viseosity is little altered, the density is so small that the 
effective viscosity is very high so that any large-scale 
motion must die dewn immediately. 
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arms of the Danube at Fetesti and Cernavoda. At the| and Cernavoda on the right bank of the eastern arm, 
Swampy island known as Balta between the two arms|the Danube pro 


is one of the longest, though not one of the most | in length, and consists of the Borcea bridge, the Balta 
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Tue railway from Bucharest, the capital of Rumania, | remarkable of the series of bridges. Both arms of the | dam and viaducts, and the Danube bridge. The whole 
to Constanza, the Seg of the Dobrudja on the Black} Danube flow south to north in that part; Fetesti| was built in the years 1891 to 1896 under the super- 
Sea, runs nearly due east and crosses the two main |lies on the left bank of the Borcea, the western arm, | vision of Mr. y, Director-General of Rumanian 
State Railways, the contracting firms being Messrs. 
per. The series of bridges is 10 miles | Schneider, of Creusot, Messrs. Cockerill, and the 


Compagnie de Fives Lille. The line is all single track, 





838 


ENGINEERING. 


[June 18, 1920. 








Fig.8.— 


Outside 
Inside 
C, 





>: 


aq 2a FT 
| 


Kea Co 

















L 100710 


2362 











foo 
+ 
































? 








als 
sis 


L 


———* 


400*10 
150+10 

















RESTORATION OF THE CERNAVODA-DANUBE BRIDGE. 


































































































£.100x70 


b-—-----------560 


a 








£30 


2862 





omMeloe « 



































C30 














SSS 
Nig FTG A 
IIE 
178 —— 





2100 - 





a! 
» 820 --——-—- 1 
“ae \ 
2 14 ° o 2 120*19 q 
bode Pp (° 2°80" 9 
oo @ ojo , cae = = )4120x11 
* ° ° 
| — — ae — fot : SY eo 
COO M4 = 80«3 
° ° 
1 1601 r e ’ 
einer EE. > Co 
a z. ° © G10 © jon 
Jack - 2 9 i% © 198 22 10090 
| °2 i, ° ° 
© ° o ° ° ° 8 
L ec oe efe o oj 
Pt if i I i ae Ser Sus i i 
oO - oO wi cs, ° oO oO bi J | / 
° 7 : © 
Jack 0x10.) “3 ape ‘ 
150 ? ° 150x10 f 
| eens: LS ns 
2t 100*14 “D ° “Ss of! 
©,0 0 © © ojo _ y ¥ 
« ai 76 fe © ° 
. < ° a ° ° ° £ 120*11 
© ¢e © ©. 0° ojo t4jo = = = 5 ? ae 
° * 
b 16044, 5 —— ° ° ° -—— + - df 
-----620 >| 






and there are two stations on the Balta. 
When hard pressed by the Germans in 
autumn, 1916, the Rumanians, it is 
said, destroyed the Cernavoda bridge, 
and their Allies, the Russians, the 
viaducts and the Borcea bridge. The 
latter bridge was completely wrecked ; 
the viaducts suffered little. The Cerna- 
voda bridge looked almost intact when 
approached from the distance, but was 
very severely shaken: The war front 
advanced so rapidly towards the north 
that the repair of the railway and 
bridges was not a matter of immediate 
importance to the Germans, especially 
as Constanza no longer counted as a 
seaport. in July, 1917, the restoration 
of the Cernavoda bridge and the 
viaducts was undertaken by the 
Maschinen-fabrik Augsburg-Niirnberg 
Werk Gustavsberg, which described the 
very difficult and interesting — 
in the Zeitschrift des Vereines her 
Ingenieure, of January 3 and 17, last. 
The accompanying illustrations and 
most of our information have been 
obtained from that journal. 

Our diagrams, Figs. 1 to 3, show half 
of the Cernavoda bridge, that is to say, 








June 18, 1920.] 


ENGINEERING, 


839 








RESTORATION OF THE CERNAVODA-DANUBE BRIDGE. 











































































SECTION a.b. 
9.16. 


x= Screws 
¢ Bott Holes 


Fries. 14 To 17. 





ADJUSTMENT OF STRESSES. 


65 m. high and half embedded in the ground, and 
on two abutments. The bridge floor is 32 m. 
(110 ft.) above high-water level, not to impede 
navigation. The main girders have a height of 
33 m., and are inclined to one another, their distance 
apart being 9 m. at the base and 2 m. at the top; the 
total length of the bridge is 4 x 140 m. + 190 m, = 
750 m., the length of span III being 190 m. In the fig- 
ures A B represents the girders facing down-stream, 
CD those facing up-stream ; the main dimensions are 
in metres, the deflections marked under the lower 
booms are in millimetres, and the other figures are the 
numbers of the chords. The most serious damage was 
done in span IV. In the lower boom there were 


destroyed members 5-6 next to the pier and 11-11 
in the centre ; further, in both the girders, the diagonals 
5-VI and 11-XI, and in the C D front XI-11; thus 
both the diagonals of one panel were missing. The 
lower booms were, moreover, distorted deflections of 
over 100 mm, being observed in the adjoining spans 
IIandV. Span IV itself was so badly weakened that it 
ought to have colla That it did not, once more 
shows that statically indeterminate structures may 
have greater strength than theory ascribes to them. 
The longitudinal floor girders, the track bed and the 
wind bracing riveted to the lower boom, as well as 
the ample cross stiffening, certainly helped to keep 
the structure on the piers, although these parts were 
themselves pierced and distorted; the bending of 
the transverse girders and the fact that the paint had 
split off many joints indicated heavy straining. 

Any disturbance of the structure threatened to 
cause immediate collapse. Our photograph, Fig. 18, on 
this page, shows what remained of the diagonals 11-XI 
and 11-XI in front C D; Fig. 19, we mention here, is a 
photograph of one of the bracket-heads used in repairing 
the lower boom 5-6 close to the pier. The first thing 








Fic. 18. Damacep Diagonats 1]1-Xi anD 
11-XJ ow Sean IV (Pactnc Ur-Sreeam). 


, | done was to prevent any further yielding of the wind 


bracing in els 5-6 and 11-11. The lower boom 
was strengthened by securing timber, 30 mm. b 
30 mm., on from above and below, fastened by ‘through 
bolts. The diagonals’ 5-VI, 11-XI and 11-XI had to 
be replaced, as well as the member 5-6. After recalou- 
lating the stresses, the damaged portions of the diagonals 
were removed, and the parts substituted preliminarily 
fixed by means of straps. The lower boom member 
5-6 was then strengthened by the elaborate framing 
 sepeueet to be described which was put under tension 
y means of hydraulic jacks and secured by means of 
wedges. Subsequently it was fixed by flat Lobe, which 
were put on in situ and drilled and bolted there simul- 
taneously with the ends of the members while not under 
stress, A similar mode of operation was adopted for the 


panel 11-.IX The structure having thus been rendered 
stable again, = of the longitudinal girder and wind 
bracing could be spared and were temporarily removed, 
to be replaced later. As the system comprised one 
redundant chord it was necessary to put one of the 
temporary chords under a tension of 94 tons in order to 
adjust the stresses} before the final fixing. This was 
done (by machinery also to be described) on diagonal 
11-X1, while theacks in 5-6 were actuated at the 
same time sufficiently to allow of loosening the wedges ; 
the total load to be dealt with was 365 tons. When 
the new members were ready to be fixed the screws 
and bolts were taken out, one after the other, at the 
one end, the straps serving as guides until replaced 
by the permanent new parts, The measurements 
taken during the load test accorded well with the 
calculations, 

The framing above referred to, used for the lower 
booms 5-6 and, in a simpler form, for the booms 
11-Il, is illustrated in Figs. 4 to 7, and in Fig. 19 
which shows one of the bracket heads 
auxiliary structure. These brackets Co-Cu and 
Co'—Cu', it will be seen from the elevation, Fig. 4, 
were connected with the lower booms of both the 
girders; further details of their construction are 
shown in Figs. 8 to 13. The brackets Cu-Ou' were 
screwed to the horizontal plates of the boom; the 
brackets Co—Co! reached with their webs into the lower 
boom and were screwed to the boom webs. The lattice 
framing a b c d, which bridges the gap in the destroyed 
members 5-6, was stretched between Co—Co! on the one 
side and Cu—Cu' on the other. The parts ab and dc 
were built as parallel lattice girders, 2,200 mm. in 
height. There was a diagonal in each panel, except at 
the joint 5 in order to leave room for the post 5-V and 
for the main girder diagonals; there a small bracket 
was adopted for connecting the upper members of the 
framing with the cross-girder of the bridge. For 
similar reasons two half diagonals (instead of one whole) 
were put in at joint 6. Beyond 6 the upper framing 
extending into panel 6-7 were connected by a crosshead 
supporting thejacks. Within panel4-5 ab anddc were 
penta bares by a lattice girder, within panel 5-6 
by a wind bracing consisting of a lattice structure with 


of this|P 








Fra. 19. Bracket Heap ar 6. 


crossing ey aoe At a audi d these cross-girders rested 
inst the bracket with the eae plates D 
(figs. 8 At joint 6 hydraulic jacks were inserted 


. 8 to 10). 
ob the — and the bracket, four altogether 
(Figs. 11 to 13). e total stress in the lower boom 


chord 5-6 being 365 tons (in each girder), each jack 
had to supply 91 tons; in order to ensure a simul- 
taneous working of the four jacks, they were inter- 
connected and fed from a central pump. The jacks 
bore against the bracket through double plates D', 
wedges being interposed. Tie rods were provided 
(Figs. 8 and 11) to k the parts together in case 
that several jacks should : fail simultaneously. 

As regards the adjustment of the stresses in the 
diagonals it was not considered necessary to operate 
on all the diagonals simultaneously, and the same 
device was applied successively to the diagonals 


5-VI (which is a tension chord), 11-XI (a compression 


member) and 11-XI (in both the main girders), The 
device, which diagrams, Figs. 14 to 17, will e i 
was also used on other parts, together with simpler 
devices. In our diagrams the arrangements made are 
for putting on tension, The crosshead a is screwed 
to the upper intact portion of the diagonal, and 
supports the smaller crossheads }6', holding the 
tie rods s, 80 mm. in diameter, by means of the nuts 
ec and c,. The rods s extend across the gap in the 
diagonal and have their lower bearings in the cross- 
piece e (with nuts dd') which is suspended from the 
crosshead g, g being bolted to the lower intact portion of 
the diagonal. As illustrated, the nuts d are not in con- 
tact with e because tension is to be applied. The jack 
rests on the cross-piece f which is fixed to the rods s by 
the nutsi andi}. The crosshead h finally is suspended 
from f and serves as a guide, not being connected 
with the diagonal in the case illustrated. When 
ressure is put on in the jack, f is forced downward 
and the pull is increased to the calculated amount so 
that the new parts can be mounted free of stress, 
When the device is to be used for compression, h is 
bolted to the diagonal whilst g is released to serve as 
guide ; the jacks then force e u . 

The other repairs involved lesser risks and difficulties. 
In the panel 11-11, for instance, the full special framing 
was not required, bracket heads and compression rods 
being sufficient to meet the symmetrical stresses. 
The replacement of the damaged portions of the 
longitudinal plate girders caused some difficulty; in 
span V the destruction of the diagonals @-1 had 
rendered half of the number of the diagonals useless, 
and an auxiliary displaceable post 0-Q (see Fig. 1) 
had to be erected, and there were other interesting 
problems. The main causes for delay in the operations 
were, however, the general difficulties of worki 
during the war, hundreds of miles from the contractors 
works, in enemy country where neither materials nor 
skilled labour were available, and the climatic condi- 
tions extreme. The four skilled Germans and the war 
age with whom operations were commenced in 

uly, 1917, spent much of their time in hospital and 
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had to be replaced. Matters improved in autumn, 
when a dozen mechanics were sent to the spot; the 
December cold, as severe as the summer heat, inter- 
rupted operations. Yet with the aid of & ferry across 
the Borcea and the repair of the viaducts and the 
Cernavoda , a kind of railway service could be 
resumed by Fe 8. After a train load test of 
April 2, 1918, conducted on the basis of the original 
load test, normal traffic was reopened. ual 





THE EFFECTS OF HOLES, CRACKS AND 
OTHER DISCONTINUITIES IN SHIPS’ 
PLATING.* 


By Professor E. G. Coxzr, D.Sc., F.R.8., and A. L. 
Kowpatt, Junr., M.E.E., Harvard. 
THE present paper is an extension of the subject- 
matter of two former paperst in the Transactions of the 
i of Naval Architects, in which the effects of 
various discontinuities were examined to find the 
alteration in the stress distribution produced thereby, 
principally in tension members. It confirms, in general, 
some of the principal results of the gunthagaticel theory 
of the stress around an elliptical hole in a wide plate, 
which formed the subject-matter of a papert by lessor 
C, E. Inglis contributed in 1913. Viewing a crack as the 
limiting case of an ellipse, in which the minor axis is 
vanishingly small, it is easy to show, both from calcula- 
tion and experiment, that a crack inclined to the direction 
of stress produces a great concentration, which approaches 
an infinite value..A practical way of reducing the 
stress intensity is to drill out the ends of the crack, 
and the experiments described here show what effect this 
produces, and alsc the c in stress produced, by 
= elliptical cavities at the ends instead of circular 
oles. 

At the date of the earliest of the papers mentioned 
above, the stress which occurs in deck plating at a hatch- 
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tE. G. Coker: 
Elastic Methods, of the Distribution of Stress in Plates 
of Variable Section, with some Applichtions to Ships’ 
Plating,” Trans, I.N.A., 1911; E. G. Coker and W. A. 
Scoble: The Distribution of Stress due to a River in 

a Plate,” Trans. I.N.A., 1913. 
C. BE. lis: Stresses in a Plate due to the Presence 


way was also examined, but only for the purpose of 
determining the stress across the w eek anteater 
section, whereas the principal point of interest arises 
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Fig4. STRESS AT BOUNDARY OF ELLIPTICAL HOLE. 
CASE #- 3 





at the change of section of which some measurements 
are now contributed, to show how t is the stress 
experienced at the join of the dimini section to the 
main body of the member. 

The experimental methods used have been sufficiently 
described before, and it is, therefore, only necessary 
to recall that the complete determination of stress in a 
plate subjected to loading in its own plane can be com- 
pletely solved experimentally without reference to any 
theory of stress distribution, provided it may be assumed 








that the plate is.not so thick as to cause a variation of 
stress across the section, and for applications to other 
materials that load systems applied to each edge boundary 
are in equilibrium separately, as is the case in all the 
examples described here. 

If these simple conditions are fulfilled, the solution 
of any stress problem at a point in a plate, whatever 
may be its form, can be determined by three sets of 
measurements. These are :— 

(1) The directions of the principal stresses P and Q. 

(2) The value (P — Q) from an optical measurement. 

(3) The value (P + Q) by a mechanical measurement. 
It is possible, however, to dispense with the third measure- 
ment in a complete solution, but it is generally more 
convenient to obtain this. In many practical problems, 
however, one or more of these measurements can be 

i with. For example, at a point along a 
boundary where there is no applied load, the values of 
P + Q reduce to either P or Q, since the other stress 
must be zero, while the direction of the existing stress 
is along the boundary. 

This latter’ case gives an important simplification, 
since in many instances the only important stress is at 
a boundary. 

An interesting example is presented by the case of an 
elliptical hole in a plate in which the ratio of the length 
(2a) of the major axis to the length (26) of the minor axis 
is varied between equality and infinity giving a circle 
for one limit and a fine crack at the other. 

It is not pro to consider circular holes here, 
except incidentally, as these have already been examined 
with some care.* The case of the elliptical hole has not 
been examined experimentally so far as we are aware, 
although an exact solution is known for such a hole 
in an infinitely wide plate. In order to vérify this 
theory, various elliptical holes were cut in a plate of 
clear nitro-cellulose 5 in. wide and 0-155 in. thick, to 
which a uniform tension load was applied in a testing 
machine of 3 tons’ capacity. The arrangement for 
loading the test piece is of the simplest kind, Fig. 1, and 
consists of a pair of plates A secured to each end by a 
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number of small pins B, to distribute the pull applied 
by the machine  racad-y centrally-placed pins C. The 
positions “ the oat cut in this plate are indicated 
a ximately in this figure. 

arn an arrangement nearly the whole length of 
the uncut should be in pure tension, and this was 
found to be so, by optical measurements, except for @ 
short distance from the ends. 





* Loc. cit., ante. Column 1. 
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It was considered sufficient to examine three cases 
of elliptical holes, and these were selected somewhat 
arbitrarily by taking an ellipse with a major axis 
1-125 in. long perpendicular to the line of pull, and 
having @ minor axis 0-375 in. This hole was subse- 
quently altered to one with major axis 1-2 in., and the 
minor axis was increased to 0-8 in. Ins third example 
this latter form of hole was intended to have the major 
axis at 45 deg. to the line of pull, but through an error 
in cutting out this line was found to have an inclination 
of 49 deg. to the line of pull, and was therefore somewhat 
inconvenient for calculation purposes. For convenience 
of reference in all these cases any point A, Fig. 2, on the 
boundary of these holes is determined by means of the 
eccentric angle 8 for a circle described on the major axis 
as diameter. It will be convenient to describe the earlier 


experiments on an elliptical hole athwart the line of pull 
by reference to the less eccentric one first, although, as 
mentioned above, the experiments were made in the 


Fig.9. CONTOUR CURVES OF EQUAL 
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reverse order to economise skilled werkwenttee and 
material. ‘The general features of the stress distribution 
are & t at oncein the polariscope (Fig. A, page 842), 
the etaet of a pull being onaoan an patel stress at the 
ends of the major axis, and if the elliptical hole reduces 
to @ fine slit, the region around the ends of this latter 
becomes very much overstressed at even a small load, 
and shows this on removal of the load by characteristic 
residual stress effects. It is also to be noticed that the 
directions of greatest stress intensity away from the hole 
approach the boundaries at a considerable angle to the 
axial line, and this leads to the belief that in a plate of 
narrow width the stress at the outer straight boundaries 
will be found to reach a maximum at two places equally 
distant from the line of minimum cross-section. 

examination of a plate with an elliptical hole in it of 
considerable size shows this to be the case and confirms 
some recent measurements of the effects of moderate- 
sized circular holes in tension members.* Apparently 
the stress at the minimum section of this latter member 
has, in general, maximum values at the inner bounda: 
and minimum values at the outer one. In the elliptical 
hole the same effect is noticed, and is probably connected 
with the fact that in such a case the lines of principal 
stress, having a general direction parallel to the line of 
pull well away from the hole, curve first one way and 
then the other as they get farther from the hole, so that 
there must be a change in stress at the boundary if this 
latter is only a finite distance away. This effect is 
noticeable even in the present case, and the lines of 
principal stress, determined experimentally and shown 
in Fig. 3, page 840, exhibit this clearly. The lines of 
equal inclination, from which these curves are derived, 










are also marked on the left-hand side of the diagram. 
An examination of the stress at the elliptical boundary 
shows that its variation is very great. mencing at 
the extreme end of the major axis, where the tensile stress 
is most intense, Fig. 4, page 840, it gradually diminishes 
to zero at a point having an eccentric angle of 54 deg., 
and b a P ion stress, which reaches a 
maximum at the end of the minor axis. 

A comparison of these observed stresses with the 
calouinted values obtained from the appropriate equa- 
tions of Professor Inglis’s paper shows a gratifying 
agreement, as the figure shows, and affords 4 proof, 
if any were needed, that such calculations can be applied 
to any material which obeys the assumptions on which 
the mathematical theory of elasticity is based. 

The distribution across the minimum section necessi- 
tates a complete analysis, which is provided by the 
curves of Fig. 3, together with the values of P + Q, 
expressed in terms of the appropriate mean stress R 
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corresponding to an infinite 
The values of P and Q have 
observations, gnd are shown b 


late, as shown on Fig. 5. 
nm separated from 
firm lines. It will also 


ry | be noted that in addition to the great intensity of the 


tension at the inner point of the boundary there is a 
perceptible tensional cross stress near the edge, and as 
the ellipse tends more and more towards a fine horizontal 
crack, the maximum value of Q increases and also 
approaches the boundary, although it can never actually 
reach it in any practical example. 

It is interesting to trace the variation of stress along 
the central axis by observations of the values of (P + Q) 
obtained in a like manner, and these latter are shown 
in the accompanying Fig. 6, page 840, from which it will 
be observed that the axial stress is zero at the boundary 
of the hole and rises gradually to a constant value at a 





* E. G. Coker, K. C. Chakko and Y. Satake: “‘ Photo- 
Elastic and Strain Measurements of the Effects of 
Cireular Holes on the Distribution of Stress in Tension 
Members,” Transactions of the Institution of Engineers 
and Shipbuilders in Scotland, November, 1919. 





dist of about 2 in. away, while the cross stress is a 
compression approximately equal in value to the corre- 
sponding uniform tension, which rapidly changes to 
a small tension and ultimately disappears. 

The case of the more elliptical hole also bears out these 
results, and, in fact, the values obtained confirm those 





described above, so that it is hardly worth referring 
to them in detail, ex: to point out that all the experi- 
ments for this type o agree in showing that the 


maximum stress is always approximately (1 + 2 ; ) times 


the stress corresponding to that of the infinitely wide 
plate, where a and 6 are the appropriate values of the 
axes, and the hole is small. 

The qase of the elliptical hole inclined to the line of 
— presents some interesting features not shown by the 
ormer cases. In the first place the maximum stress is 
not at the ends of either major axis, as the photograph 
(Fig. B, page 842) shows, but is found at or near the point 
where the oreo line parallel to the line of pull touches 
the ellipse. The lines of stress, as may be surmised, 
only a bi-lateral symmetry, as is shown by the 
experimental determination, . 7, page 840, in which 
one also observes the tendency of the outer lines to bend 
outwards at some distance above and below the hole, 
and not in quite the same way above and below the 
transverse central plane. They appear, in fact, to 
indicate maximum stresses at the outer straight sides 
at unequal distances from the central cross-section, and 
polariscope observations confirm this. 

The stress distribution round the hole has been deter- 
mined and compared with the theoretical expression of 
Inglis, and a very fair agreement is found, as Fig. 9, 
annexed, shows, in which the two are compared by 
plotting the stresses observed and calculated on a base 
derived from the eccentric angle 8. The stress is found 
to vary between 3-43 R and — 0-96 R, and is in good 
cqroemens with the theoretical expressions. It is also 
of interest to note that when the stress distribution 
is examined across the plane paponwet to the line 
of pull and passing through the centre of the ellipse, 
it is found to account for the total pull within 1 per cent. 

In the case of two of the ellipses studied, the stresses 
are determined at = along radial lines 224 deg. 
apart, including the longitudinal and transverse sections. 
The values of P and Q are plotted and contour curves 
drawn, as shown in Fig. 9 and Fig. 10, annexed. The 
full-line contours correspond to P magnitudes, and the 
dotted curves, shown on the left, to those of Q. For the 
transverse hole five sections are studied, to include one 
quadrant, and for the inclined ellipse eight sections, 
covering half of the area, are determined, in order to 

ive the complete stress distribution. For the transverse 

ole there is quadrantal symmetry, and for the inclined 
one the symmetry is seen to be bi-lateral, corresponding 
in each case to the symmetries of the principal stress 
direction lines shown in Figs 3 and 7, page 840. A 
noticeable feature shown by the P and Q contour curves 
is the great rapidity with which extreme values of stress 
fall off on leaving the of the hole. At a distance 
equal to twice the length of the major axis in any direction 
from the edge of the hole the values of P and Q have 
become substantially equal to those which exist at points 
remote from the hole. It is also to be noticed that where 
the stress at the edge of the hole is tension, the Q com- 
ponent vanishes, and where it is compression the P 
component vanishes, the transition points being the four 
ints of zero stress, These points are indicated on 
igs. 9 and 10, on this page. 

Cracks.—The experiments described above have also 
an especial interest, since the effect of a fine crack can 
be estimated from these results. If we consider it as the 
limiting case of an ellipse, in which the minor axis 
ultimately vanishes, an infinite stress is produced at 
the extreme ends for any inclination which does not 
approach too nearly to the direction of the pull. 

Practical men have long been aware of the extreme 
concentration of stress uced by such cracks, and have 
provided a well-known remedy for ey ry Aaemoy exten- 
sion, which is universally , whether it be for a crack 
in a steel forging or in a delicate of china. It 
occurred to the authors, however, that the method of 
drilling circular holes at the ends of a crack might possibly 
be improved upon. If circular holes of small size are 
drilled at the ends, the effect is to reduce the stress con- 
centration from some unknown but v large amount 
to a ximately three times the equivalent uniform 
stress in the uniform plate.* From the eding result#* 
it seems probable that there might be a further reduction 
of strees if elliptical holes or approximations thereto are 
drilled at the ends of a crack, with their axes so 
that the position of maximum stress occurs at the end 
of the minor axis. In order to test this view a tension 
member was prepared 1-56 in. wide, in which four fine 
slits were produced transversely to the line of pull and 
8 etrically di with reference to the axial line. 

he forms of these slits are shown in the accompanying 
Fig. 11, but they were actually spaced very much further 
apart in order to obtain uniform stress conditions in the 
intervals between them, and the contours of the holes 
were much larger than necessary for practical require- 
ments in order to permit of a more accurate study of the 
stress effects uced. . 

The ends of the first slit A were left exactly of the 
form produced by a drill of vy in. diameter, which 
hap to be available ; the ends of the second B were 
finis with holes of } in. diameter, the third C with 
vertical slots of } in. length, made by drilling }-in. holes 
tangential to the tre line of the «lit and afterwards 
removing the angles left by the drill. The fourth D, 
was produced in a similar fashion, and the outer part 
curved to a radius of 0-22 in. to give an approximately 
elliptical contour. 

he total width of the slit was 4 in. in all cases, except 
for D, and an allowance for the extra stress produced 








by the increase in the size of the latter is, t ore, 
made for comparison purposes. The en 80 pre- 
pared was then subjected to a load of 100 lb. (corre- 





* Loc. cit., ante. Column 1 
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sponding to a mean average stress of 790 lb. square 
inch) im @ emell texting machine and the stcemes round 
ths contours determined for a sufficient number of points 
to make a comparison effective. The values so obtained 
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are shown in the accompanying 
compared by aid of angles @ as a 

ordinates, so far as this is possible, and the 

parts of the contours of C and D by linear measurements 
along the contour. The distances in the two latter cases 
are not quite the same, but the difference is not material. 
The comparison at once shows that for the simple case 


. 12, in which all are 





@ and stress as | the 





taken it is possible materially to reduce the high stress 
coused by & semicircular ending to  erack b drilling 
out a nearly complete circle, and proves the 
means poms, atagied, especially for a hair-line 

ly the stress effect is very great. 

The substitution of form C effects a still further improve- 
ment by nas the stress intensity from 2,250 Ib. to 
approximately 1,670 lb. per square inch, with a maximum 
Sales dh-anameinaitiens bites, approximately, and a 
minimum vine at hd rp ye: oy mccoy 

r square . orm D, as might e 
Seek NOREDatin Gaabe be the aumivel na. cal tn tine 
photograph reproiuced in Fig. C shows, and as measured 
corresponded to a stress of 1,700 lb. per square inch 
when the extra width was taken into account. tically 
there seems little to choose between these two last forms, 
although the experiment is not decisive one way or the 
other. Having regard to the measurements on elliptical 
holes it is possible that form D is actually the best one 
to adopt if the — shape of elliptical hole is chosen. 

Stresses around Hatchway Openings:—It is unnecessary 
here to refer particularly to the case of a large circular 
hole in a tension member of finite width, as these have 
been examined in an earlier paper, but there are many 
other types of discontinuity which are of importance, 
and an interesting tical case to which shipbuilders 
have devoted consi: ble attention is that of hatchways 
in ships’ decks. They are probably subjected to com- 
plicated load systems not easy to or to produce 
in the laboratory, but a simple type of loading, such 
as that of a pull, serves at any rate to bring out some 
characteristic features. The chief places of interest 
in all such cases of sudden discontinuity eppesr, in 
general, to be at or near the sudden c of section, 
and the case selected shows this quite well, although it 
would probably be easy to obtain a more characteristic 
one. 

This example consists simply of a square hole of 2 in. 
sides cut in a plate of 5 in. width, and having rounded 
corners of 4 in, radius, the sides being parallel and 
perpendicular to the pull. 

The large radii at the angles were chosen with the object 
of getting precise measurements at point of this parts 
of the contour, and are r than is usual in practice. 
The characteristic features of the stress distribution 
are shown in the photograph (Fig. D) which shows at 
once that the maximum stress occurs at the interior 
contour and near the join of the rounded corners, with 
the sides lel to the line of pull. There are also 
visible indications of a subsidiary maximum along the 
external contours at a considerable distance from the 
hole. These observations are amply confirmed by the 
measurements shown on Ay ey page 841, in which the 
stress distributions d both tours are shown for 
a total load of 390 lb., giving a mean stress of 840 lb. per 
square inch at the reduced central section. In addition to 
the stress distribution across this latter section is shown 
by aid of observations of (P + Q) shown in dotted lines. 
from which it may be observed that the cross-stress Q 
is negligibly , while the maximum value of P at 

interior contour along this section is 1,290 Mb. per 
square inch. Integrating the curve there shown and 
comparing it with the pull applied, it is found that the 
mean error of observation is approximately 3 per cent., 
which is a useful test as giving an idea of the general 
deg of y obtained. The actual maximum 
is at the commencement of the angle and just beyond 
the join of the straight and curved portions, with a value 
of 1,730 lb. per square inch, or 2-06 times the value 
of the mean stress at the central cross-section. It is 
alsq easy to show that as this curve lessens in radius the 
stress increases and becomes dangerously great, even with 
e moderate load. 

As we pass still farther along the curve the stress 
rapidly diminishes and finall sign, and becomes 
& compression of fairly uniform value along the plane 
contours. The outer contours also show the characteristic 
feature, already mentioned above, for another case of a 
fminimum value at the central section with maxima on 
either side, but in this case these latter values are not 
very pronounced owing to the distance of the hole from 
the outer boundaries. 

It is probable that a study of other cases of hatchway 
czpainee of more immediate practical importance than 

one described here would afford information of value 

in practical constructi 
lusion, the auth desire to express their 
thanks to Mr. Chakko, of the Department of Scientific 
and Industrial Research, for help in obtaining the 
measurements described with reference to cracks and 
square holes with rounded corners, and also to Mr. F. H. 
ithyoombe, Laboratory Assistant at University College, 
for his great care —, skill in preparing the specimens 
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Soprom Fivortmpe ror Preservine Woop.—The 
highly toxic properties of sodium fluoride have sug- 
gested its use for the preservation of wood. It does 
not attack the wood nor metals, and laboratory tests 
of this preservative were favourable. In 1914 the 
United States Forest Products Laboratory started 
durability tests. They treated sleepers of sap-pine with 
sodium fluoride, others with zinc chloride or creosote 
and left some untreated; these sleepers were laid 
in a mine of a railway company near er 
Alabama. Similar experiments were made on the Balti- 
more and Ohio Railroad with sleepers of red oak. After 
five years a many of the untreated both of 
pine and the oak, were found badly yed. In 
the case of the sap-pine the treatment with sodium 
fluoride had ans as well as preservation with zine 
chloride, though not quite so well as with creosoting ; in 
the case of red oak comparative tests with creosote 
were not made. 





MOLECULAR'SENERGY ‘IN GASES.* 
By Sir}J. A. Ewma, K.C.B., F.R.S, 


EXxPEgRIMENts on the see heats of gases and on their 
infra-red emission and a) eee gone @ good way 
towards showing how the mo aa 
@ gas is heated, and have raised questions as to how far 
Sipewenedinn Gjcnsiion® ank' Seas pesteetin’ engueet 

* Newtonian and what suggest 
or necessitate & resort to the quantum theory. It may 
be useful to state some of these questions without 
— is = a which eagadgun oe 

uni physi concepts un g the 
quantum theory have become more definite. 

= is now established bmg Aescrerf , om and poly- 
atomic gases are strongly hea © specific heats 
become notably ter, and that the i of ifi 
heat is associated with infra-red radiation. Both of these 
effects are conspicuous when an explosive mixture is 
fired in a closed combustion vessel or in the cylinder of a 
gas engine. 

In the explosion, for instance, of a rich mixture of 
coal gas and air, the highest temperature reached is only 
about 2,000 . C., although the heat developed by the 
explosion wo be sufficient to raise the products of 
combustion to a very much higher temperature if the 
specific heat of the products remained the same as when 

y are cold. The experiments of B. Hopkinson and 
others show that nearly all the heat has been generated 
by the time the maximum temperature is reached. 
It is recognised that no substantial part of the effect 
can be ascribed to “‘after-burning’’ or delayed com- 
bustion. The observed defect of temperature is 
sufficiently is by increase of specific heat as the 

as becomes hot. The internal energy E, instead of 
ing proportional to the temperature, increases at an 
augmenting rate. is is well illustrated by data 
contained in the First Report of the British Association 
Committee on Gaseous Explosions (1908). A curve is 
given there for the internal energy of a gaseous mixture 
containing 5 per cent. by volume of carbon dioxide and 

12 per cent. of water vapour, the remainder being nearly 
all nitrogen. The curve is based on experimental 
results obtained by several independent observers using 
different. methods. Examination of the curve shows 
that it is well represented by the empirical equation : 

E = 5-2¢ + 0-00043 2 + 0-000,0002 6 ; 


wnere the energy E is reckoned per gramme-molecule 
from 0 deg. C., and ¢ is the Centigrade scale temperature, 
or T — 273-1 deg. 

This gives, for the specific heat at constant volume per 
gramme-molecule : 

Of'= 5-2 + 0-00086 ¢ + 0-000UUUE &. 

At 2,000 deg. C., therefore, the specific heat of this 
mixture is 9-3, as against 5-2 at 0 deg. C., and the ener 
is about one-third more than it would have been, at the 
same temperature, if the specific heat had not increased. 
A great part, but by no means all, of this increase is due 
to the triatomic constituents of the}mixture. In them 
the specific heat is much more affected by temperature 
than it is in oxygen or nitrogen. But the researches of 
Nernst and others have made it clear that the specific 
heat of diatomic gases also is i d by heating, 
though to a less degree. On the other hand, in mon- 
atomic gases (helium, argon, mercury-vapour) no increase 
whatever in the specific heat has been o! ed, even at 
temperatures exceeding 2,000 deg. C. 

It is also well known that much energy is radiated 
from a non-luminous flame or from an exploded gas 
mixture, in the form of infra-red bands, whose wave- 
lengths correspond to those of the absorption bands of the 
products of combustion. Thus a carbonic oxide flame 
1s observed to radiate energy in bands whose wave- 
lengths have their maxima about 2-7 yu, 4-3 wand 14-7 4, 
peas reno to the three conspicuous absorption bands 
of carbon dioxide. 

In any gas, at temperatures such as 2,000 deg. C., 
the short-period vibrations which produce the lines of the 
visible spectrum make no more than a negligible con- 
tribution to the ene This is illustra by the 
absence of any measurable increase in the specific heat 
of monatomic gases at high temperatures. ; 

These facts are obviously consistent with what is, 
I think, the generally accepted view that in any gas the 
lines of the visible spectrum are due to vibrations within 
the atom ; and that the longer period vibrations which 
produce the infra-red bands, and do make a substantial 
addition to the en of a hot diatomic or polyatomic 
gas, consist of to-and-fro’ movements of the atoms that 
compose the molecule. 

It is well-known that the measured specific heat of a 
monatomic is fully accounted for, on the kinetic 
theory, by the energy of translation of its molecules, 
C, being practically equal to 3 R, C, to § R, and + to 1}, 
when condition as to density is such that the postu- 
lates of the kinetic theory approximately apply. In 
any gas for which these postulates hold, we may write : 


E = E’ + E” + E” 


where E is the whole communicable energy, E’ is the 
of it which is due to translation of molecules, 

” the part due to rotation of the molecules, and E” the 

due to vibration within the molecules. C, is of course 

E/dT, and E’ is § RT. 

The fact that in all monatomic 7 is found to be 
exactly or very nearly equal to 1%, and to retain that 
value even when the gas is strongly heated, shows that 
in such gases E” as well as E” is negligible. In he 


* Abstract of an Address delivered to the Royal 
Society of Edinburgh, by request of the Council, May 3, 
1920. 
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course of its encounters the molecule acquires no rotation, 
or fat least none that contributes appreciably to the 
energy. Although, according to prevailing modern 
conceptions of atomic structure, the moment of inertia 
of a single-atom molecule about any axis through its 
centre is excessively small, owing to concentration of the 
mass in the positive nucleus, it must be as 
finite, and the -rosge ye of equipartition might seem to 
demand that each of the three degrees of freedom of 
rotation should take up an amount of energy equal to 
$RT. The aid of the quantum theory has been invoked 
to explain why this does not occur.* According to that 
explanation the least amount of energy of rotation which 
a molecule can acquire during an encounter is hv, 
where » is the number of turns per second and Ah is 
Planck’s constant; hence the least possible speed of 
rotation vy isjgiven}by the equation: 


hy, = 272 v2 I... 
from wnich 


i —) as 
and the}quantum‘of energy of rotation 1s 
ha; 
i2e2T 


In a monatomic molecule the moment of inertia I is 
excessively small and the quantum is co) uentl 
lengn ae greatly to exceed the whole energy of the striki 
molecule, with the result that no energy of rotation 
passes during the encounter. This extension of the 
theory of quanta to the rotational kinetic energy of a 
body that is free to*revolve in space without constraints 
seems to me unnecessary. For the forces in and about 
an atom may be presumed to be such that the atom is 
dynamically equivalent to a concentrated massive 
particle surrounded by a massless quasi-elastic envelope 
or fender. In an encounter the fenders take the blow 
and prevent the massive nuclei from close approach.f 
An encounter between two monatomic molecules whose 
masses are thus protected cannot be expected to com- 
municate any rotational energy: if we make the very 
natural assumption that the fender does not transmit 
shearing stress. In that case the stress due to a blow 
is ial, and energy of translation only is taken up. 
Consider next a diatomic gas. The mass of the 
molecule is made up, we may suppose, of two concen- 
trated particles held some way apart, and the “ fender ” 
of the molecule as a whole will have a surface of revolution 
about the line joining the two particles. Here, again, 
if we assume the fender to be incapable of transmitting 
shearing stress, no energy of rotation about that line can 
be communicated by an encounter, though the molecule 
is free to take up, and will take up, energy of rotation 


about any transverse axis. Thus one of its three degrees | 


of frotational freedom is ineffective, the other two are 
effective, and the — of equipartition gives the 
fam liar result mag 7 ered * oon body, Aa whole 
average energy, EH’ +E”, is § , making C, = § R, 
Cp=% Rand y= 1-4. This is in accordance with the 
experimental fact that in general (subject to exceptions 
which will be referred to presently) a diatomic gas does 
exhibit very nearly these values of C, , Cp, and +. 
slightly erce value of y which is observed in normal 
air, &c. (1-402 or so) is readily accounted for by departure 
from the conditions postulated in the kinetic theory of 
an ideal gas, which make P V= RT 

In this case also the quantum theory has been called 
in to explain a result which seems intelligible coon 
withoutit. The moment of inertia of a diatomic molec 
about the line joining the two centres is of a much smaller 
order of magnitude than the moment about a transverse 
axis. It is of an order so small that the quantum of 
energy A2/2r2 1 with respect to rotation about that line 
is very large in comparison with the average energy of 
the blows which other molecules deliver, even when the 
gas fis strongly heated. According to the quantum 
theory, therefore, energy of rotation about that line 
would not become established by encounters. About 
either transverse axis, however, the quantum of ene 
h2/2n21I is far smaller, and this, or a multiple of it, 
is readily supplied by the blows of other molecules. 
Hence the sum of E’ and E” should remain equal to 
§ RT, at least up to temperatures as high as are reached 
in experiments on the specific heats of gases. But the 
same result, as we have seen, follows from more ordinary 
dynamics. 

An apparently stronger case for the application of the 
quantum theory to the rotation of molecules in a is 
presented in the remarkable fact, discovered by Eucken, ft 
that when Yhydrogen is e to extreme cold (but 
is still ‘a gas) its specific heat falls to a value which 
indicates that its molecules have ceased to take up 
energy of rotation. \Eucken found that C, in hydrogen 
fell from 4-94 per gramme-molecule at 0 deg. C. (approxi- 
mately § R) to about 3-1 when the temperature was 
reduced below — 200 deg. C. This has been confirmed 
by independent measurements of C,§ and of y.!} As 
the temperature falls C, approaches a limit of 3 R 








* H.g., in Perrin’s Les Atomes, Art. 94. 

t Cf. Perrin (loc. cit.). ‘‘ Quant au rayon de protection, 
distance des centres au moment du choo, il définit une 
distance pour laquelle la substance de l’atome exerce une 
force répulsive énorme sur la substance d'un autre atome 


rey heat at o 


eee gp omgey i” 1}, showing that at a tem 
ture o 80 deg. or 40 deg. absolute the molecule of 
hy takes up energy of translation only, behaving 
as if it were a single-atom molecule of double mass. 
On the quantum theory this is accounted for by sayi 
that thqugh the molecule retains its ‘“‘ dumb beil ” form 
its energy quantum with respect to rotation about a 
transverse axis is sufficiently large to exceed the energy 
of the blows which it receives at very low temperatures. 
Thus if we conceive the hydrogen molecule to be made 
up of a pair of masges, each equal to 1-62 x 10-2 gr., 
at points 10—% cm. apart, the moment of inertia I about 
@ transverse axis is 8-1 x 10-4! and the energy quantum 
h2/2n2I is 2-6 x 10-4 ergs, when A is taken as 
6-5 x 10-2 erg-seconds. To compare this with the 
energy that may be delivered by a blow, we have R 
for any gas equal to 1-35 x 10-16 per molecule, the gas 
constant being 1-985 in thermal units per gramme- 
molecule, and Avogadro’s constant being 6-16 x 10-23, 
Hence the average en of translation per molecule, 
# RT, is 2-02 x 10—6T, which becomes 5-5 x 10-14 
ergs at 0 deg. C., and 0-6 x 10—\* ergs at 30 deg. absolute. 
The latter is well below the estimated value of the 
energy quantum. So far as it goes, therefore, the 
general result of this calculation is in accord with the 
quantum theory. 

It is extremely difficult, however, to believe that a 
body of the assumed form, free to move and turn in s 


8° | without constraint, and exposed to entirely casual blows 


from other like bodies—which may hit it anywhere and 
at any angle—can refuse to accept angular momentum 
from such blows wo in finite qualities equal to h/r 
or an integral multiple of h/x.* A solution may con- 
ceivably be found in the idea that the molecule is not 
really free to turn—that there is a constraint to be over- 
come, an action say, between it and the other due 
to forces on the electrons. It may be admitted, from the 
known facts anew ln pasta agen _ sa peony ion of radiant 
energy, that ether must re as forming part 
of the dynamical system. But one naturally soaks an 
escape from the app ication of the — theory to the 
rotation of the molecules, and the following suggestion is 
tentatively offered as an alternative. Eucken’s result 
would be explicable if we might suppose that under 
extreme cold the hydrogen molecule tends to assume 
a different form, by a coming together of the two atoms 
which are held apart at ordinary temperatures. Imagine 
the pair of massive particles to come together, without 
coalescing, but so close as to constitute what is virtually 
@ single-atom molecule of double mass, The pro 

of @ monatomic gas would then be simulated, and there 
would be no communicable rotation. The specific heats 
would then depend only on translation, and their 
theofetical values would agree with the observed values. 
If we accept this view it may be conjectured that the 
paired atoms come together when the rotational speed 
of the diatomic molecule falls below a certain limit, 
perhaps like the balls of an unstable centrifugal governor, 
and remain together until nrg f are forced apart by & 
violent encounter. There are obvious difficulties in such 
a@ hypothesis, both as to the earns, Saree of the 
atoms and their separation to restore the usual diatomic 
form to the molecule when the gas is reheated, but they 
are perhaps less formidable than those that are involved 
in extending the idea of quanta to the angular momentum 
of a freelbody. 

A curious point may be noted in passing. If the 
hypothesis here suggested be valid, it ap likely 
that there may be hysteresis in the relation of the 
specific heat to the temperature when hydrogen is cooled 
to and warmed from a very low temperature. The 
dynamical conditions that would bring the pair of atoms 
in a molecule close together are different from those that 
would set them apart again ; the 
require a higher temperature. 
therefore to find the change of structure exhibit 
resembling that which occurs in the passage of iron from 
one to another of two allotropic states. 

kseturning now to the normal action"of a diatomiw 
such as No, O2, CO or NO, in which the observed oon 

inary temperatures is completely accoun or 
by molecular movements of translation and rotation, 
it is clear that any increase of specific heat when the 
temperature is raised implies that additional energy is 
then taken up in establishing vibration, and that the 
principle of SS thereby fails. At 
temperatures terms E’ and E4make up substantially 
all the energy; the vibration term E’”’, representing 
to-and-fro‘ movements of the pair of atoms, is 
insignificant. At high temperatures E”’ 
relatively larger, with the effect that the specific heat 





i 


Cc. 
increases above § R, and + is reduced below 1-4. In the 
molecules of these , energy of vibration, in any 


amount that is sufficient to affect measurably the specific 
is produced only by comparatively violent 
encounters. But in some diatomic gases, notably the 
vapours of the halogen elements, it is observed that at 
ordinary or moderate temperatures OC, exceeds § R 
and + is less than 1-4. There the atoms are heavy and 
poemnnray: Se bonds between the pair are relatively 
weak, = A. Lee which ante 1 a substantial 
part o whole energy are set u ow-temperature 
encounters, vibrations of relatively fone period being 
excited at relatively low temperature. 

In a triatomic gas the atoms presumably group them- 





En d’autres termes, chaque at est dens6 
au centre d’une mince armure sphérique, relativement 
tres vaste, qui le protege contre l’approche des aut 
atomes.”’ s 
- sy Eucken, Sitzungsb. d.k. Preuss. Akad., February, 


§$Scheel and Heuse, ngsb. d.k. Preuss. Akad., 
January, 1915; Ann. d. Physik, 1913, vol. xl, page 473. 
|| M. C. Shields, Phys. Rev., November, 1917. 





Sitzu 











*Taking h, as the quantum of kinetic energy of rotation, 
the corresponding quantum of an, momentum is 
h/x. The theory requires that no blow should com 







as 

i i increase in heat 
Sieiecte peated her heating shows that the various 
modes of vibration up @ more and more important 
part of the total 


to contribute only when the gas is more strongly heated. 

How does this ion occur? If we accept the 
—_ theory the ans wer is at once given by Planck's 
ormula : 


= RT, 


e*— ] 





where E’”y is that of the arenes energy of vibration, 
per molecule, which is contributed by a mode of vibration 
whose Scapunen.le-nctnk aa eee Ino whose 


molecules are capable of more than one mode of vibration 
the whole vibrational energy E’” would be the sum of 
as many terms, in the above form, as there are modes. 
For any given frequency the factor #/(e— 1) tends 
towards the vaue / as T is indefinitely increased, but is 
i ificantly small when T is low. 
tted in relation to T it gives a curve which ol 

resembles a — of m Smeininine @ ferro- 
magnetic su ce under ily 

force, with its very ual beginning, its subsequent 
~ rise, and its asymptotic approach to a limiting 
vaiue. 


So little is known as to the mechanism of vibration in 
the molecules of a gas that one may be less disinclined 
to apply the quantum theory to vibrations of the 
foe a per qa ne me fhe ener ew - 

dealing with vibrations juantum involves @ 
Seoqueney whishr is deteradued: by te matuse of thi 


a, 
The k formula is undoubtedly in good 
t with what is known about the heat 
gases, both as to the effect of vibrations of the infra-red 


where 
their mutual forces accounts for similar 
in the curve. It would be easy, therefore, to base too 
fact that the observed changes in molecular 
energy are adequately represented by means of such a 
\. other hand, it may be pointed out that 
eeeeenste Seah in eee ae 
because that process results from the action of 
units or quanta, namely, the molecular magnets. 
consideration suggests that the apparent antagonism 
between the older dynamics © quantum theory 
may not impossibly disappear when the real nature of the 
electrical or magnetic atomicity which determines the 
quantum is understood. 

Summary.—A review of known facts about the specific 
heat ry ye at tomgeaneares from low values 
up to 2 pare ta to the foll: 

1. heat wi 


Te toastene 


temperatures. 
the to-and-fro’ vibration of the atoms comes in 
into play and contributes a substantial addition to 





municate momentum at all unless it communi- 
cates as m as this, whether we regard the indivisible 
uantum concerned in the operation as so much 
or as so much “action” h, the dimensions of which 
are those of angular momentum. 





*An interesting r by Bjerrum (Vorhandl. d. 
deutsch. e Gareiechaf lois, page $37) suggests 
various a CO? molecule to give the 
three observ: pen of vibration. 

+ Capstick, Phil. Trans. A., 1895, vol. clxxxvi, page 588, 
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energy, with the result that the specific heat rises and 
y falls below 14. 


4. Ir. all gases at all temperatures there is equi- 
partition of energy between each degree of freedom of 
translation and each effective degree of freedom of 
rotation. 

5. The abnormal behaviour of hydrogen at very low 
temperatures, discovered by 
be accounted for b: ay ern a eaten 
structure to occur which ives the hy 
of its two normal degrees rote: 
such a change of structure occurs it may be expected to 
exhibit hysteresis in relation to the 

6. In triatomic and polyatomic gases tl r 
effective degrees of f of rotation which, along with 
the three degrees of freedom of translation, would make 
O, equal to 3 R and y equal to 1} if there were no energy 
of vibration. But in ouditi ion there is in general @ con- 
siderable amount of as vibration, resul from 
to-and-fro’ movements of atoms within the mo 7 
to which the principle of equipartition does not apply. 
Vibrations of relatively long period become important at 
relatively low temperatures. This makes the specific 
heat actually greater than 3R and y less than 1}, 
especially at high temperatures when the energy of 
vibration becomes a large = of the whole energy. 

7. It does not appear to be necessary to have recourse 





to the quantum theory in dealing with molecular rotations 
in gases: at the same time the observed facts do not 
conflict with the theory. 


8. The general effect of to-and-fro’ vibrations of atoms 
within the molecules of a gas is satisfactorily expressed 
in terms of the quantum theory. The resemblance which 
exists between the type of curve given by Planck’s theory 
and the curve of magnetisation of a ferromagnetic 
substance suggests that if the nature of the atoms and 
their constraints were better understood the results 
might admit of interpretation in terms which would not 
be inconsistent with the older dynamics. 





MINING IN Nigerta.—The Colonial report, No. 1,030, 
for Nigeria, issued last April, states that 8,434 tons 
of tin ore were won in 1918. Gold-mining operations had 
been continued near Minna in the Niger Province, 
and 1,414-6 ounces of gold had been won. The coal 
output was 148,214 tons, the greater part of which had 
been used by the railway and other Government services, 
the balance being sold to ships visiting Port Harcourt for 
bunkers and to the Sierra Leone Government. 





Heatine Martin Furnaces wits Cotp Coxgz Gas.— 
Experiments with cold coke-oven gas as fuel for a 30-ton 
Martin furnace were begun at the Eisen-und Stahlwerk 
Hoesch in 1913, and the fuel was in 1914 adopted for the 


three new 100-ton furnaces of the e' open-hearth 
plant. The gas arrives in 700 mm. pipes, from the coke 
ovens, cold and saturated with moisture. It was first 


introduced into the furnace t: a square brick tuyere 
which was cee eaten by water-cooled 
wrought-iron tuyeres, 120 mm. in diameter; the latter 
last a number of heats, and are exc ble within 
half an hour. There was some trouble t with ex- 
osions, especially after shutting down, caused by the 
t air and gases from the furnace entering the mouth 
of the pipe, the gas not being under ; this 
trouble was cured by a reconstruction of the valves. 
Some details of the furnace construction were given by 
F. Spri in Stahl und Hisen of January 1 last. The 
contains little sulphur and a great deal of hydrogen, 
both advantageous features. The flame is almost in- 
visible, and the men had to become accustomed to that ; 
afterwards they preferred using this gas to producer gas. 
When, however, the calorific value of the gas decreased, 
mainly owing to the dearth of coal and to labour trouble, 
the material economical advantages of its use vanished, 
and experiments are now in progress on preheating and 
enriching the gas. 





Reoetvers ror Sounp tn Warer.—Professor H. A. 
Wilson’s account, in The Physical Review of March last, 
of an acoustical research on anti-submarine devices, 
conducted at the Naval Experimental Station, New 
London, Connecticut, is confined to the theory and does 
not give information as to actual apparatus. These 
may of a very simple kind, however. His receivers 
for sound in water were Eroca tubes, consisting of a tube 
closed at the one end, in T fashion, by a shallow circular 
metal box, or by a small rubber or rubber tubing, 
the other end of the tube leading to the ear of the observer. 
‘The resonance frequency of single receivers of this kind 


depends upon the elasticity and mass of the receiver, but 
not the size of the tube; one single receiver may 
be able to concentrate into the tube the energy coming 


from an area 850 times the cross-section of the tube. 
When two receivers are used, one for each ear, and 
mounted at the end of a horizontal , the direction 
of the source can be found by turning the rod until the 
source seems to lie directly in front of the observer. 
apparatus was devel by the General Electric Com- 
pany and used during the war by the United States Navy. 

he correct position can always be found unless the two 
reotivers are v close to one another, but the best 
distance a is f the wave-length in water for the 
resonance frequency of the receiver. When n receivers, 
each of cross-section a, are connected by their tubes to a 
tube of cross-section na, and the lengths of the several 
tubes are such that all the sounds meet in phase the 
sound may practically all be concentrated in one tube. 
The arrangement of several receivers in straight line 
was proposed by Max Mason and adopted by. the ba ot 
On board ship several receivers are fixed the hull, 
with their tubes parallel so that the receivers are all at 
the same distance from the ship. 





CATALOGUES. 


Name Plates.—A catalogue from Mr. William York, 
Old ing-street, Birmingham, illustrates a con- 
siderable variety of work in cast, stamped and etched 
name plates, punches, brands, stencils, &c. . 

Petrol Engines.—A periodical p issued by 
Messrs. Rolls-Royce, Limited, 15, Conduit-street, 
London, W., gives some particulars of their aircraft and 
motor-car engines, and also refers to the opening of 
large works in the United States. 


Cast-Iron Pipes.—A list of cast-iron spigot and socket 
and flange pipes comes from the Stanton Ironworks 
Company, Limited, Nottingham. The quantity of each 
size in stock ready for despatch is clearly shown. 
Hydraulic pipes, 3 in. in diameter, are also listed. 


Electrical Machinery.—Messrs es Sand- 
pits, Birmi , send an issue of ir monthly list of 
motors and dynamos in stock, and also give particulars 
of their maintenance scheme for keeping their machines 
in order in return for a yearly premium. 


Stoves.—A number of gas-heated stoves made of sheet - 
iron and suitable for drying, enamelling and similar 
purposes, with trolleys and other accessories, are 
described in a catalogue from Messrs. Hollings and 
Guest, Thimble Mill-lane, Birmingham. 


Road Sign Posts.—The Stanton Iron Works Company, 
Limited, Nottingham, send a catalogue of ip 
for erecti road si posts. A cast-iron si > 
pocket sleeves for holding the wood arms and cap and 
screws enable the si to be set and secured at the 
precise angle required are included. 

‘ Engineering Books.—A neatly and clearly printed 
catalogue of books on engineering has been issued by 
Mr. William Bryce, 54, Lothian-street, Edinburgh. The 
arrangement under subject-matter headings is, of course, 
er, difficult, and it been done at least as well as 
us 


Electric Lamps.—The British Thomson-Houston Com- 
y, Limited, have issued, from their offices at 77, Upper 
hames-street, London, E.C. 4, a new edition of their 
Incandescent Electric Lamp Handbook for the electrical 
trade, giving commercial and technical data in complete 
and well-arranged form. 

Lathes.—The National Lathe Company, Cincinnati, 
U.S.A., send: a catalogue of heavy-work lathes of 9 in. 
to 15 in. centres. The lathes ars made with single pulley 
drive or coned pulley drive, and have a variety of 

ttach ts, ng which are turrets for 
mounting on the shears or on the sad ° 


Aluminium Working.—Some useful little booklets 
on the methods of working aluminium have been issued 
by the British Aluminium Com ay Limited, 109, 
Queen Victoria-street, London, Eo 4. They deal 
separately with sheet, circular and tube work, giving 
practical information about pressing, spinning, welding, 
polishing, frosting, colouring, &c. 


Waterproofing Concrete.—Building Products, Limited, 
44, King’s-road, London, 8.W. 3, send a catalogue 
describing a powder for adding to concrete or cement to 
make a waterproofed mass. It may be used either for 
ordinary concrete or for cement mixtures used as plasters, 
these points being fully and clearly explained in the 
catalogue. 

Heat Treatment.—A useful leaflet, by Mr. L. W. Wild, 
dealing with the transformation ranges of steel, comes 
from Automatic and Electric Furnaces, Limited, 281, 
Gray’s Inn-road, London, W.C. 1. The author states 
that the common assumption that the Ac2 transformation 
takes place at 10 deg. C. above the end of the Ac] range 
is not correct generally, and not uniform for all steels. 


Concrete.—Several preparations for application to 
concrete work are described in catalogues received from 
Messrs. Rowse and Co., 1, Dawson-street, Whitechapel, 
Liverpool. These preparations include a_ surface- 
hardening compound made in grey or red colours, for 
rendering concrete floors proof against fire, grease and 
dust, and a mixing compound for making the concrete 
waterproof and proof against freezing. 


Ventilating Plant.—A system of ventilating workshops 
adopted by several | engineering establishments in 
this country is illustra’ and described at length by 
the makers of the plant, the Buffalo F Company, 
Limited, 24, Buckingham Gate, London, 8.W. 1. The 
ipes are carried overhead and the system provides 
or = removal of dust, fumes and foul air, and also 
for heating and humidifying. 

Boilers.—Messrs. Marshall, Sons and Co., Limited, 
Gainsborough, send a new catalogue of their Cornish, 
Lancashire, water tube and other boilers. The fullest 
range of sizes is made and all auxiliaries and fittings, 
including economisers, feed heaters, softeners, pumps, 

heaters and liquid fuel burners are | sted. A special 


hli +i 











super 
The | furnace for burning husks and inferior fuels may be 


fitted to the Cornish boiler. 


Pi Fittings.—Messrs. Crane, Bennett, Limited, 
45, Leman-street, London, E. 1, send a very compre- 
hensive catalo of pipe fittings, pipe fitters’ tools and 
kindred supplies. It is fully and clearly illustrated, 
and the various sizes and the variations of each article 
are clearly tabulated. There is a fully detailed index, 
some useful practical advice on pipe fitting, and a 
quantity of technical data. It is certainly one of the 
most complete and useful catalogues of its kind. 

Tool Metal.—A tool metal or alloy, which is not called. 
steel on the ground that iron is not amongst its con- 
stituents, has been in use in workshops for some time. 
It is made by the Deloro Smelting and Refining Company, 





Limited, Ontario, and 26, Albemarle-street, 
London, W. 1, and is called ‘ Stellite.” The catalogue 
states that it will retain its cutting ata Ted 


eT ee -speed 
steel. 


Steam Cranes.—The Bedford Engineering Company, 
Limited, Bedford, send a catalogue of locomotive, 
gantry and fixed cranes, The locomotive cranes are 
suitable for metre, standard or broad gauge lines and all 
are equip with vertical boilers. variety of jibs 
suitable for contractors’ work are fitted. All these 
cranes are made of standardised . The catalogue 
contains very full and clearly-tabulated particulars, 
both technical and commercial. 


Boiler Mountings.—The catalogue of boiler mountings 
and valves issued by Messrs. J. Hopkinson and Co., 
Limited, of Huddersfield, is a volume of 400 pages, 
handsomely printed and illustrated and strongly bound. 
The matter is well arranged and indexed. Each fitting 
is illustrated with all its main variations and LL 
and a table of sizes is added in each case. Valves}in 
many different forms, gauges, traps, expansion joints, 
special Pipes, syphons, whistles, thermometers and all 
packing, fixing and moving gear, are fully represented. 


War Record.—The war record book of the United 
Brassfounders and Engineers, Limited, whose head 
office is at Cornbrook, Manchester, contains over 70 pages 
of illustrations and letterpress describing the work done 
during the war. The work includes the pre tion of 
non-ferrous materials by casting, stamping and extrading 
methods, as well as the machining and finishing of parts 
for shells, ps, valves, gauges and nearly all applica- 
tions of brass work. The scope for manufacturing 
methods afforded by the large quantities required for war 
supplies was fully developed y. the company, and the 
** Record” is a valuable addition to many similar 
publications mentioned in these notes. 


Gas Engines.—The National Gas Engine Company, 
Limited, Ashton-under-Lyne, have issued a special 
catalogue of their vertical tandem gas engines with 
outputs of from 300 brake horse-power to 1,500 brake 
horse-power. The cylinders are 18 in. and 24 in. in 
diameter for town gas, but larger diameters are fitted in 
the same general design when poorer gas, such as blast 
furnace gas, is to be used. These engines are largely 
employed for driving dynamos, air compressors and 
blowers, and one of the illustrations shows three sets of 
engines, each of 1,500 brake horse-power, installed 
at an iron and steel works for blowing the blast furnaces. 
The catalogue gives very complete information as to 
the construction, erection, operation and uses of these 
engines. 

Marine Machinery.—Messrs. John Birch and Co., 
Limited, 2, London Wall Buildings, London, E.C. 2, 
send a copy of a catalogue which they are issuing, for 
foreign circulation. They offer the parts of hulls and 

uipment for single and twin-screw steamships, stern 
wheel and side paddle boats, tugs, cargo and | hopper 
barges, dredgers of various types, yachts, &c., for 
export. Each vessel is temporarily erected in the 
country, marked for re-erection, and dismantled for 
shipment, Steam or oil engines are also supplied, as 
well as all dock and other machinery and marine equip- 
ment required. All, or practically all, are made by 
Messrs. William Beardmore and Co., Glasgow. The 
catalogue is priced throughout, with reservation as to 
changes in cost. The title of the catalogue is “‘ Dockyard 
Machinery,” which may cause some misapprehension, 
as it deals mainly with ships and marine machinery. 





Road Rollers: Erratum.—We regret that in referring, 
on page 704 ante, to a catalogue of road rollers issued by 
Messrs. Marshall, Sons and Co., Limited, of Gainsborough, 
we mentioned that winding drums for steam ploughing 
might be fitted ifrequired. Messrs. Marshall now inform 
us that the winding drums, when fitted, are used for 
facilitating the movement of the roller over difficult 
ground and not in connection with ploughing work. 





Foreign Crepir Insvurance.—Announcement has 
been made, says The Iron Age, New York, of the organisa- 
tion of a mutual company for the insurance of credits in 
foreign countries. The new company is to be known as 
the American Manufacturer’s Foreign Credit Insurance 
Exchange. The purpose will be to supply adequate 
information on the financial status of foreign merchants 
and a reasonable safeguard in individual business 
transactions. Being a company organised on reciprocal 
lines, the insurance will be written at net cost and not 
for fit. The organisation of the exchange is the 
result of several years’ search by various State and trade 
associations, for a ways and means to solve the problem 
of foreign credits, At the annual meeting of the proses 
Trade Council at Cincinnati three years ago, Mr. George R. 
Meyercord, first vice-president of the Illinois Manufac- 
turers’ Association, and president of the American 
Manufacturers’ Foreign Credit Underwriters, ———— a 
rough plan for the insurance of forei its. Since 
then the foreign trade committee of the Illinois Manu- 
facturers’ Association, in conjunction with associations 
such as the Farmers’ Council, been working to shape 
a flexible and effective plan to provide such a service 
to the American manufacturer. The net result is that 
there has been formed by officials of the Illinois Manu- 
facturers’ Association, and with its approval and endorce- 
ment, the American Manufacturers’ Foreign Credit 
Insurance Exchange. Full particulars may be obtained 
from Mr. John M. Glenn, secretary of the Illinois Manu- 
facturers’ Association, 76, West Monroe-street, Chicago, 
U.S.A. : 
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139,880. R. , London. Towers. | locked into the coun 

“ ENGINEERING” ILLUSTRATED PATENT | «1 Fu) ivonreary £7, 1919 —~The invention relskos to the hollow | se thes patel ie Aisonguped trom the ratchet "iseaen} 
cy! or which are arranged with their axes vertical to 
RECORD. form a filling absorption towers, washing towers and dis- 139,887. J. Melland-Smith 
SELECTED ABSTRACTS OF RECENT PUBLISHED | Yih form in wh Which there is diametrical partition artion ¢ wh fh, for cuume el had ope 
Pn ; yo penncnPtengr “ wy és stated Ting which may be complete or nearly complete, but is not in eA Tauae ens ie bekta Sheed Gn 0 doe an a te ce ee 
in each case; where none is mentioned the Specification is not 


Where inventions are communicated from abroad, the Names, &c., 
Copia of Specfcatins may be cained ai the Patent Ofte, Sale 
yh Southampton Buildings, Chancery-lane, W.C., at 
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the unifc of ls. b 
The date of advertisement of the of a Complete 
i is, in each case, given a, abstract, unless the 
atent has been sealed, when the “ Sealed” is (199880) 
Ang pee aS time within two months from the date of 
4 of a Complete Specification, 
give notice at the Patent O, of opposition to the grant of a | such connection with the opposi 
Patent on any of the mentioned in the Acts. it or is not at all connected with this 
e ring is of metal, a strip of the desired 
GAS ENGINES, PRODUCERS, HOLDERS, &c. longitudinal slot in of a mandril and 


the 

139,894. A. C. Stevenson, South Farnborough, and | 20, mandrll the, Trapt et faished 1 
Ww. 8S. Smith, South a Valve-Operating | andril. Each ring 
to valve-cnerating. gear’ for internal-combustion engines, ana | permitting Passage of Guid in ® more 
to valve-o gear for -com ion , : 
more es) y to engines in which a y of poppet valves hrough the ring. (Sealed.) 
is sit in the cylinder head and Saivorweding Seekers 
move in planes containing the axes of the respective valves 
which may be inclined relatively to each other. A cylinder 9 
has four valves 6. A pull rod 7 is connected to a -piece 5 
col the outer ends of two parallel rockers 10 mounted on 
a common pivot 11 on a bracket on the cylinder head. A pull 
rod 8 is connected to the outer end of a ti rocker 14 situated 


se ©) x COLT 
| Pay 5 


139,949. W. Hall, London, and R. Wellesle 
‘Combustion 


~ Engines. (1 Fig.) 
The pany os relates to internal-combustion 

































140,034. W.A. Pratt, Coventry. Lubricators. (2 Figs.) 
a ae 20, a pit = relates be ge ye for use 
mounted wu revolving other 
Asseing 60. Fag A 





































elements. 
—— = 
const fearing, 
inside 
/ My 
a cap 
; - ; Ei to an ex- 
Fig. 2 Z\, “ the base A, 
=~. the 
Ti ' " with a 
4 ite SH ter end 
/ wv, © 7 ‘ 
A BX 17 & * \ 
ee tee ee RE ES engine casing to connected by 
; . , Saree Ree to a carburettor e so that the air heated by abstracting 
e—- = —2 from the valve stems, guides and springs will constitute a source 
‘ — i of warm air supply to the carburettor. (Accepted March 24, 
ea nea SE 1920.) At 
% oD 1g 7 LIFTING AND HAULING APPLIANCES. 3 ° 
0! I 139,938. G. D. , Glasgow, and R. N. Hepburn, 
4 Glasgow. —— Gear. (4 Figs.) A 28, 1919.— 
14 io: He The invention relates ling pe of Ds ane cluding a main 
; te cl and a ji ratchet and paw! mechanism having 
Z H interlocking means whereby the pawl and ratchet mechanism 2 : 
io ees 3 ee ee while the main clutch is disengaged t ; 
or, alternatively, the clutch is locked in operative position so long \ ‘ 
as the ratchet mechanism a egpeen yee The invention consists /\ 
between and pivoted on the same fulcrum as the rockers 10. | in the interposition between the ee es eens | : i 
The central rocker 14 is longer than the outer rockers 10 and so | pawl of a tappet which receives movement from the ‘a \ 
shaped as to clear their connection 9. The bracket is placed on | clutch lever and associated with an extension on the pawl, | . > 3 vs 
Sf PE J 
are around a 7m our valves. m correspon on (08 rw 
the inner cats of the rockers terminate » ed operate a| and being — that gp —— gh : * of the ree 
set of four \ve-wor! rockers 15, 16, 17, 18. two outer | extension and prevents operation pawl, second 
rockers 10 act on the underside one pair of valve-wor position corresponding to the engaged position of the clutch | face. Extending into this boss A‘ from the interior of the 
rockers 15, 16, whilst the central rocker 14 has its inner lubricator is the feed-tube 4 through which the lubricant is 
formed sufficlently broad to operate the other, pair of valve- omnes Cie surfaces wag of the pemngp 4) te he 
working rockers 17, 18, in the same manner. rockers are ; end Co ee A oe y the oll ways B2 in the hub. 
mounted on a cruciform bracket which forms four fulcra or The of lubricator on the pulley is that the 
supports for the rockers and their outer ends act upon the valve tube C is Feaeued So he reid Sats, waeoeey Be meee 
stems, (Accepted March 24, 1920.) is directed outward. The outer end of the tube C 
Thm oll pemage Us connecting the tatarior of the cup wit the 
139,958. . G. ® 4 Sw 
Comme, eheaken a nae 6. interior of the tube C is of # relativel nt My My AY! 
Engines. aren May 24, 8 which is dependent upon the rate at which the lubricant is to be 
internal-com on engines of the two-stroke cycle type in which fed to the bearing be Crpodte to he meat of tho oun G, 
the charge is admitted to the cylinder at the end of the and at the apex of the cap A2, is a projection A2 which exténds 
stroke and strikes a baffle provided on the piston so as to deflect into the cup, loving o arrow apace between Shel adjacent 
it to the top of the cylinder to effect the scavenging of the cylinder aces. us projection forms a guide to lead the lubricant 
of the burnt gases resulting from the previous explosion. from the coned sides of the cap into the cup C2. (Sealed.) 
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MOTOR ROAD VEHICLES. 


G. E. Bradsha' 


centre line of tho 


nene. w, Walton-on-Thames, and 
.C. Motors, Limited, Walton ‘Thames Motor 

(83 Figs.) June 12, 1918.—The 
o an e e of the fixed radial t; 
Accord to the invention, 


-on- e 
invention relates to a 

in a{motor 
the itted so that 


to the direction of travel of the machin 


laterally each side of the 
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machine. 1 is 
m lug 2, seat lugj3, and cross members 4 and 5 
on the lower) horizontal frame member. 
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SHIPS AND NAUTICAL APPLIANCES. 





ing limb 1 cranked in relation to the palm 2 and formed at the 

corners 3 with a rib 4 pressed or sw: up from the body of the 

sheet, the palm being suitably swaged at 5 to afford strength at 

the junction of the palm and the crank. The requisite rivet 

holes 6 are punched out of the sheet metal during the pressing 
(1 


process. (Sealed.) 

140,023. J. Lipton, Glasgow. Storm Valve. a 
October 22, 1919.—This invention relates to storm valves. 
invention resides in the disposition at the inlet side of a storm 
valve of an orifice with which is associated a removable cover, 
the dimensions and configuration of the orifice being such as to 

it the insertion into the valve body of the dri bar of a 
g tool, and being such as to permit convenient access to the 








soil leaning purposes. There is formed on the inlet 

cover 4 and taking ths focus of an cicenated dist menatting me 

cover 4 an orm of an elo’ 

insertion at the Giving bar of facies (eet 
le with . On removal of the cover 4, 

gained to the soil pipe thro 

» the clack valve 6, if desired, being closed. (Sealed.) 


STEAM ENGINES, PRODUCERS, HOLDERS, &c. 


139,945. E. Green and Sons, Limited, Wakefield, and 
G. E. Tansley, Wakefield. Hand-Hole Door. r Figs.) 
May 6, 1919.—The invention relates to that class lids of 
headers for fuel economisers or feed-water heaters in which 
two lids are employed, viz., an inside lid having 


t 


seat he outside of the 
According to the invention, the internal lid A is formed 


peter 5 which has a seati with a 
coned-shaped phery C of hole in the header D, larger 
diameter of the hole being on the inside of the header D. 


139,931. D. O. Jones, Yeadon, and 
morden 
non: 


of looms for weaving, wherein the is entirely enclosed and 





of the spindle, and at its 
the end bobbin body B. The terminal 
is of a reduced diameter so as to be freely slidable 
end of the bobbin, and the spiral spring E is prevented 
displacement in an outward jon by means of an 
| enlargement El at its inner end abutting an internal 
shoulder G within the nose end A of the bobbin. 
March 24, 1920.) 


MISCELLANEOUS. 


butt, Birmingham. Filler Caps of Petrol 

filler S gels ‘vackeln only ban fav a oti Ww tere 
caps vessels ani ‘or ol to provide - 
closure. The moyen ne @ filler cap in which 
with circumferential slots 
or flange, the underside of the slotted portions being 
mding adjunct shouldered studs 
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its seat. The filler cap consists of a circular socket or seat 
member 1 having circumferential slots 2 through its base, the 
end 2a of the slots being enlarged and the lower surface of the base 
therefrom slightly inclining downwardly or the metal about the 
slots thickening thereby forming wedge portions 3. One or more 


(139934) 





| Trade Journal, the formation of a compan 
| Italiano del Pacifico,” with a capital of 20,000,000 liras, 


slots may be employed as 
nding fro 


studs or lugs 5 depe: m 


passing through 
| the slots 2, the said studs or lugs being swollen, forming shoulders. 


These studs or 5 are prevented from through the 
narrower part of the slots 2. The cap is provided with a washer 7 
and a glass cover 8. The top of the petrol or other vessel is 
represented at 9. (Accepted March 24, 1920.) 





Irato-Cumean TrapE.—According to The Board of 
y, ‘‘ Sindicato 


subscribed in Chile, has been announced at Santiago. 
It has an option to increase that capital to 40,000,000 
liras once the shares are offered in Italy to companies and 
banks interested in the development of the South 
American Continent. The syndicate, it is stated, has set 
for itself a large range of activities, and will ually 
take up the following business: (1) Interchange of 
merchandise, products and fruits between Chile and 
foreign countries, principally Italy. (2) Industrial 


the | mineral, constructional undertakings ; the importation 


of machinery and technical materials. (3) Adminis- 
tration, purchase and sale, hypothecation of property, 
belonging particularly to persons residing in Chile oF 
Italy ; agencies and general commission business. 


West Inpres CuamBers or Commerce.—Under the 
presidency of Sir Edward Davson, a meeting of the 
Associated Chambers of Commerce of the West Indies 
was recently held in Barbados, The existing passenger 
service came in for severe criticism, and it was 4: 
that prompt action was necessary, ¢.e., that tenders 
should be invited for a direct mail and passenger service 
between the United Kingdom, the Lesser Antilles and 
British Guiana. Following upon the recommendations 
of the Colonial Office Shipping Committee, the mae 

that nothing short of a fortnightly service 0 
steamers capable of carrying both freight and not less 
than 120 first-class passengers could be looked upon as 
adequate. The existing cable service between Great 
Britain and the West Indies also received much adverse 
criticism. With the exception of Jamaica, these 
Colonies have the most imperfect telegraphic communics- 
tion with the home country of any British Possession 
throughout the world. This is evidenced by the fact 
that messages from British Guiana and Trinidad rarely 
take less than 10 days in reaching London, and frequently 
take as long as three weeks. Further, when they do 
arrive they are so mutilated as to be frequently in- 
decipherable. The conference pro as a remedy 
that an all-red cable route ‘should be provided, and 
agreed that the law officers of the Crown should be 
asked as to whether bee wm broken state of the 
cables had not provided sufficient cause for a termination 
of the existing agreement between the Imperial Govern- 
ment and "the ‘West India and Panama Telegraph 
Company. The conference also dealt with other subjects 





of importance to the West Indian Colonies. 





